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CRUISER MAI/NE. 


By CuieF ENGINEER A. W. Mor ey, U.S. Navy. 


The Maine, a twin-screw armored cruiser of about 6,650 tons 
displacement, was built at the Navy Yard, New York, from 
designs furnished by the Bureau of Construction and Repair of 
the Navy Department, and is the largest vessel ever built in one 
of our Navy Yards. In external appearance, and in arrangement 
of battery, she resembles the Brazilian ship Riachuelo, buf she is 
larger and has thicker armor and heavier guns than the Riachuelo. 
The origjnal design contemplated a bark rigged vessel, but as 
her construction proceeded, the design was so altered that she 
now has two military masts only. 

The machinery was built by N. F. Palmer, Jr., & Co., the 
Quintard Iron Works, New York City, from designs furnished 
by the Bureau of Steam Engineering of the Navy Department, 
the contract price being $735,000. The contract called for an 
indicated horse power of 9,000 for the main engines and the air 
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and circulating pump engines, with a premium of $100 to be paid 
for each indicated horse power in excess of the requirement, and 
a penalty of like amount to be deducted for each horse power 
below that amount. 

Her keel was laid on the 11th of October, 1888, and her hull 
launched on the 18th of November, 1890. The contract for the 
construction of the machinery was signed on the 3d of April, 
1889, and the engines erected in the shop and operated on the 
31st of August, 1891, when an official exhibition of the engines 
in operation was given by the contractors, the power for working 
them being furnished by the turning engines. An official dock 
trial was made on the 21st and 22d of July, 1893, an account of 
which has already been published in the JourNaAL. 


HULL. 


The hull is constructed of mild steel, and all of the material 
used is of domestic manufacture. The outside keel plate is $ 
inch, the inner plate $ inch, and the vertical keel } inch thick. 
The outer bottom plating is 4 inch thick, with a double sheer 
strake ; the plating of the inner bottom is ;*, inch thick. The 
frames are spaced 4 feet throughout the length of the double 
bottom and 3 feet at the ends. 

She is divided into 198 water tight compartments, and has a 
double bottom extending from frame 18 to frame 67, a distance 
of 196 feet, and running up to the shelf for the armor belt. In 
the wake of the double bottom there are 4 longitudinals on each 
side, and under the engines and boilers intermediate longitudi- 
nals are introduced. 

For pumping and draining the compartments and the double 
bottom there is a 12-inch main drainage pipe on the starboard 
side, and a 5-inch secondary drainage pipe on the port side, 
extending from the compartment forward of the double bottom 
to the after engine compartments. Each of these pipes has 
branches leading to a main drainage cistern located under the 

. Starboard engine room. Suctions from the main circulating 
pumps and from the engine room bilge pumps are made to the 
main cistern. 
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There are twenty coal bunker compartments, ten on each side 
of the vessel, extending down from the protective deck, with 
wing bunkers at each end of each fire room, and which extend 
inboard to the fronts of the boilers. The total capacity, in tons 
of 42 cubic feet, is 825 tons. The bunkers are filled through 
trunks leading down from the main deck, delivering directly 
into the several main compartments and into the wing bunkers, 
being so arranged that but little trimming of the coal is required 
until the bunkers are nearly filled. Escape trunks have been 
constructed leading from each bunker into the fire rooms above 
the boilers, and offer ready ingress and egress while coaling. 

The ashes from the fire rooms are discharged through a single 
chute, located within the central superstructure deck, opposite 
the athwartship bulkhead dividing the fire rooms; it leads down 
from the main deck and passes through the side just above the 


armor belt. 
DIMENSIONS OF HULL. 


Deaught, mean, foot and inches 21-6 
Area immersed midship section, square feet. 1,077 
Displacement, tons, at 21 feet 6 inches........ 6,090. 
Center of buoyancy above base line, feet and inches........ 12- 3} 
buoyancy aft of midship section, feet and inches......... 2-11 
gravity above base line, feet and 
Transverse metacenter above C. B., 12. 
Longitudinal metacenter above C. B., feet.........+4 324. 
Coefficient of displacement, prismoidal, feet...... 0.596 
displacement, cylindrical, feet... 0.669 
midship section, 0.878 
Area of L.W.L. plane, square feet... 13.560 
Wetted surface, square feet. 23,770 
ARMOR. 


For a length of 180 feet amidships there is a water-line belt 
of vertical Harveyized steel armor, extending from 3 feet above 
to 4 feet below the water line, 12 inches in thickness from the 
top to one foot below the water line, whence it tapers to 7 inches 
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at the bottom. The wood backing is 8 inches thick, and the 
plating behind this is in two thicknesses of } inch each, stiffened 
by horizontal angle bars 6 by 3% inches, and by plates + inch 
thick worked intercostally between the vertical frames, and 
connected with them by angle bars 24 by 24 inches. 

The bolts for securing the armor are 2 and 2.8 inches in 
diameter, with nuts and India rubber cups and washers on 
the inner ends of the bolts. The wood backing is secured to 
the skin plating by bolts 1} inches in diameter. 

At the forward end of the armor belt there is an athwartship 
bulkhead of steel, 6 inches in thickness, with the backing gener- 
ally arranged as for the side armor. 

The protective deck, constructed in two layers of 1 inch each, 
extends from the armored bulkhead to the after end of the side 
armor, whence it slopes below the water line with a thickness of 
3 inches. 

There is an armored conning tower built of steel, 10 inches 
thick, elliptical in shape, from which an armored tube, 4} inches 
thick, extends down to the armored deck to protect the steer- 
ing gear, voice tubes, electric wires and connections of the engine 
room telegraphs. 

There are two revolving turrets, each fitted for two 10-inch 
guns, constructed at sufficient height to admit the guns in each 
turret being fired simultaneously on a line parallel with the 
center line of the ship, each having an unobstructed fire through 
an angle of 180 degrees on one side, and through an angle of 64 
degrees on the opposite side. 

Each turret has 8 inches of Harveyized steel armor, with plate 
backing, frames, &c. 

The revolving parts of the turrets, and the spaces for working 
and loading the guns, are protected by a fixed barbette of mild 
steel armor, 12 inches in thickness, fitted to a wood and steel 
plate backing and secured by bolts and nuts, as described for 


the side armor. 
ARMAMENT. 


There are two 10-inch breech loading rifles in the forward 
and two in the after turret, the turrets and guns being worked 
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by hydraulic gear. Besides these, there are six 6-inch breech 
loading rifles, two mounted forward inside the superstructure 
deck firing directly ahead, two abaft the cabins firing directly 
astern, and one on each side on the central superstructure deck, 

The 10-inch and the 6-inch guns can all be fired in broadside, 
throwing a weight of projectile on each side of about 2,400 
pounds at one discharge. 

The 6-inch guns are worked by hand, on central pivot carri- 
ages, and are protected by steel shields, 2 inches thick. 

The secondary battery consists of seven 6-pounder Driggs- 
Schroeder rapid-fire guns; four 1-pounder Hotchkiss; four 
1-pounder Driggs-Schroeder, and four machine guns (Gatling). 

There are four tubes for Whitehead torpedoes, two on each 
side, discharging directly from the berth deck. 


MACHINERY. 


Main Engines—There are two vertical, inverted cylinder, 
direct-acting, triple expansion engines, placed in water tight 
compartments, and separated by a fore-and-aft bulkhead. The 
high pressure cylinder of each engine is placed aft and the low 
pressure cylinder forward, the latter being so arranged that it 
can be disconnected when working at low power and the high 
and intermcdiate pressure cylinders used under economical con- 
dition as a compound engine. All of the cylinders are steam 
jacketed on top, sides and bottom. The main valves are of the 
single ported piston type, made of composition, in two parts, and 
all interchangeable. There is one for each high pressure cylin- 
der, two for each intermediate and three for each low pressure 
cylinder, all worked by Stephenson link motion with double bar 
links. The high pressure valves are fitted with balancing pistons 
working in cylinders cast on the upper cover of each high pres- 
sure valve chest, with live steam on the under side of the piston 
and the upper side connected with the intermediate receiver. 
Each high pressure valve is worked direct; and the intermediate 
and low pressure valves by rock shafts, each rock shaft being 
connected to its link by an equalizing bar, the upper end of 
which is carried by a radius link of such length as to minimize 
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the slip of the link block. The cut-off may be varied from 0.5 
to 0.7 of the stroke, each reversing arm being made with a slot, 
fitted with a composition block, which is adjustable by a screw 
and hand wheel. 

The reversing gear of each engine consists of a steam cylinder, 
and a hydraulic controlling cylinder placed vertically and acting 
directly on an arm fixed on the reversing shaft. The valve of 
the steam cylinder is of the piston pattern, connected to a by- 
pass valve on the hydraulic cylinder, and is worked by a con- 
tinuation of the stem of the steam piston valve. These valves 
are worked by a system of levers, the primary motion of which 
is derived from the hand lever at the working platform, and the 
secondary motion from a pin on the reversing arm. There is 
also a pump for reversing by hand, the by-pass pipes of the hy- 
draulic cylinder, which pass through the valve-box of the hand 
pump, being so arranged as to leave the hand arrangement always 
in gear. The diameter of the steam reversing cylinder is 20 
inches, the diameter of the controlling cylinder 10 inches, and 
the stroke 27 inches. 

Each engine is fitted with a throttle valve consisting of two 
gridiron slide valves placed horizontally, one above the other. 
The lower slice valve is actuated by a steam cylinder and a 
hydraulic controlling cylinder, placed horizontally and acting 
directly on the spindle of the valve. The steam piston is oper- 
ated by a piston valve, which is controlled by a floating lever so 
fitted that the throttle valve will follow the movement of a hand 
lever at the working platform. The upper slide valve is worked 
by a screw stem, the gear operating the stem being worked by a 
hand wheel at the working platform. The steam actuated throt- 
tle valve is intended for use in quick working, and the hand- 
moved valve for fine adjustment. 

Each main cylinder is fitted with starting valves of the piston 
type, each complete in itself, with both steam and exhaust ports, 
and worked by a lever at the working platform, the levers being 
placed in the same order as their respective valves, and arranged 
to move in the same direction as the desired motion of the 
piston. 
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The main steam pistons are of composition, with double shells, 
and are each fitted with two packing rings, § inch wide and § inch 
deep, set out by steel springs bearing against a flanged floating 
ring fitted to have an easy play in the piston. The piston rods 
are of forged steel, the lower end of each rod being enlarged to 
form a crosshead and fitted with an adjustable brass and a com- 
position cap. The connecting rods are of forged steel, 723 
inches between centers. The crosshead end of each rod is forked 
to span the crosshead brasses, and each eye at the end split and 
fitted with a bolt for gripping the crosshead pin. Each cross- 
head is fitted with a wrought-iron slipper, dovetailed and shrunk 
on and further secured by tap-bolts. A composition guide, 22 
inches long by 20 inches wide, in two parts, is fitted to each 
slipper, secured at the lower end by a flange and studs, and at the 
upper end by square headed bolts in slotted holes. The cross- 
head guides are of cast iron, and are hollow for water circulation. 

The engine frames consist of hollow wrought steel columns, 
excepting a single inverted Y column supporting the inter- 
mediate cylinder. The columns are stayed by horizontal steel 
brace rods and by athwartship diagonal braces, the braces being 
set taut by nuts on each side of lugs. The engine bed-plates 
are of cast steel, in three sections, flanged and bolted together. 

The crosshead gibs and all of the principal brasses of the 
main engines are fitted and lined with Parson's white metal. 

All working parts of the machinery are fitted with efficient 
lubricators. A number of distributing oil tanks are fitted on the 
sides of the cylinders, and are supplied by a pump from the 
main oil tanks. The pipes from the distributing tanks are led 
to manifolds, which are fitted with adjustable valves, sight feed 
cups, and tubes leading to all the journals of the moving parts 
of the engines, excepting the main bearings, which are supplied 
with oil from a single distributing tank, with separate closed 
manifolds, valve adjustment, sight feeds and tubes for each part 
to be oiled, so that when necessary, oil can be supplied to the 
journals under a head, there being four tubes leading to each 
journal. Each main crank pin is also additionally provided with 
a centrifugal oiling device, fitted on the face of each crank. 
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There is a globe oil cup for each piston rod, and one for each 
end of each valve stem, also one for each piston valve, and con- 
nected with a small hand pump for ensuring the oil running to 
the place desired. The eccentrics are lubricated in all positions. 
Efficient sight feed oil cups are fitted to each main steam pipe, 
and on each air and circulating pump, blowing, main feed, and 
bilge pump engine. 
_ The main engine straightway stop valves are arranged to be 
worked from the engine room, and are also fitted with gear for 
operating them from the berth deck. The screw stop valves 
fitted in the main steam pipes immediately inside the engine 
rooms are fitted with gear for working them from both engine 
tooms. 

The following are some of the principal dimensions and ratios 
of the machinery, viz: 


Number of cylinders (each engine)......... 3 
Stroke of all pistons, inches ......... 36 
Diameter of H.P. valves (one for each cylinder), inches........ oaseure soncesaee 22 
IP. valves (two for each cylinder), inches ....... 22 
L.P. valves (three for each cylinder), inches........ ....0. sesssoses 22 


‘Area of H.P. steam port for maximum opening, top, square inches........... 104.260 
bottom, square inches...... 132.352 

I.P. steam port for maximum opening, top, square inches...... ee =: 134.576 
bottom, square inches...... 260.640 

L.P. steam port for maximum opening, top, square inches.......... 449.604 
bottom, square inches...... 508.248 


H.P. exhaust port for maximum opening, top, square inches....... - 203. 
bottom, square inches.... 203. 
1.P. exhaust port for maximum opening, top, square inches........ 406. 
bottom, square inches.... 406. 
L.P. exhaust port for maximum opening, top, square inches......... 609. 


bottom, square inches.... 547.14 
main steam pipe (12 inches diameter), square inches......... sess. 113.1 
H.P. steam pipe?(13 inches diameter), square inches ......... 1327 


I.P. steam pipe (20 inches diameter), square inches..,....... 
I.P. exhaust pipe, to condenser (16 inches diameter), square inches, 201.06 
L.P. exhaust pipe, (28 inches diameter), square inches...... soveeeee 615.75 


Volume swept by H.P. piston per stroke, mean, cubic feet...........0000 +++ 20.30 
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Volume swept by I.P. piston per stroke, mean, cubic feet........ 52-84 
L.P. piston per stroke, mean cubic feet 126.39 


Clearance, in cubic feet, H.P. cylinder, top...... sss. 4.974 
bottom. ove 4-744 
LP. cylinder, top... ee 10.161 
per cent., H.P. cylinder, top.......... 24.12 
I.P. cylinder, top... 19.113 
L.P. cylinder, top ..... 17.65 
Ratio of net area of H.P. to L.P. 
I.P. to L.P. pistons........ 
H.P. to L.P. pistons.......... coecee I to 6.144 
Length of connecting rods conten, inches... ME 72} 


Diameter of connecting rods, OF aN IO 


Shafting.—The shafting is of steel throughout. The crank 
shafts are each in three sections, all alike and interchangeable, 
with coupling discs forged on. There are two journals for each 
section, and beyond the after journal, on each section, is a seat- 
ing, 134 inches in diameter, for the eccentrics. The cranks are 
placed at angles of 120 degrees with each other, the sequence 
being H.P., I.P. and L.P. The hole in the thrust shafts is 
enlarged for a short distance at the after end in order to accom- 
modate the nut on the central stud of the inboard propeller shaft. 
The propeller shafts are each in two sections, and are cased with 
composition where they pass through the stern tubes and stern 
brackets. The forward end of the forward section is fitted with 
a sleeve for coupling to the thrust shaft; this sleeve is secured 
by five keys, each 2} inches wide and 2 inches thick, which, with 
the sleeve, are held in place by a wrought-iron washer 15} inches 
diameter and 2 inches thick. This washer is secured to the shaft 
by a central stud and nut, which take up the thrust in backing. 
All the shaft couplings are fitted for six 3}-inch bolts. The shaft 
casing is ? inch thick. 

The principal dimensions of the shafting are : 
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diameter of hole through, inches. ...... ...... eee 
length of each section, feet and inches.............. 

‘Crank pins, diameter, inches .......... 
diameter of hole through, inches....... 

Thrust shaft, diameter, inches ,.... 
diameter of hole through, oe 
length, feet and inches........ 

thrust surface, each shaft, square inches .......... 

Propeller shafts, diameter of forward, cesses 

length of forward, feet and inches........... 

length of after, feet and inches, ....... 
diameter of hole through, inches... ............ 

Casing, length of on shaft through stern tube, feet ‘nd 

bracket bearing, feet and inches......... : 

Bearing in stern tube, forward end, length, ove 

in brackets, length, inches... soccer 

Length, total, of shafting for each feet and 

crank shaft bearings, feet and 


Shaft Bearings.—The crank shaft brasses are cylindrical, in 
two parts, turned to fit the caps, and have an adjustable compo- 
sition chock with wedge for the vertical alignment of the shaft. 
Each set of brasses is fitted with channel shaped clamping pieces 
to prevent them pinching the journals, the upper ones being 
extended to prevent the brasses from turning in their bearings. 
Each thrust bearing is in two parts, of cast iron, with white 
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metal linings, the lower part turned to fit the pedestal. The end 
and side walls of the pedestals form an oil trough with stuffing 
boxes for confining the oil. Inside this trough, both forward 
and abaft the thrust collars, is an adjustable composition bearing, 
8 inches long, for taking the weight of the shaft. Each oil 
trough is fitted with pipe coils for the circulation of cooling 
water through the oil. 

Main Condenscrs—The main condensers, one in each engine 
room, are cylindrical, and made of composition, each in three 
principal sections. The circulating water passes through the 
tubes and the steam around them. In addition to the connec- 
tions for the main, the intermediate and the auxiliary exhaust 
pipes, each condenser is fitted with a salt spray in the exhaust 
passages, a copper tank and pipes for admitting an alkaline solu- 
tion, and a branch steam pipe leading to the bottom of the shell 
for cleaning the tubes by boiling. Each condenser is also ar- 
ranged to be used as an auxiliary condenser, and the one in the 
port engine room is connected with the evaporators for supply- 
ing waste of water in the boilers. There is also a connection 
from the channel way leading from each condenser to its air 
pump, by means of which the water of condensation may be 
taken by any of the feed pumps when the condensers are used 
for auxiliary purposes alone. In the latter case the combined 
air and circulating pumps will not be used, but the condensing 
water will be supplied by an auxiliary centrifugal circulating 
pump, hereinafter described. 

The principal dimensions of the condensers are: 


Diameter of shell, inside, feet and inches... ......... 6-6 

exposed lengths, feet and: sevens codes 8-4 

Condensing surface, each condenser, square feet..... 7,009.96 


Ratio of condensing surface of two condensers to heating surface of eight 
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Air and Circulating Pumps—There is one combined air and 
circulating pump for each main engine, built by the Blake Manu- 
facturing Company. The air pumps are double, vertical, single- 
acting and are connected to a horizontal, double-acting circulat- 
ing pump, all operated by a horizontal compound engine. The 
air-pumps are worked by an overhead beam and rock shaft, con- 
nected through an arm and link to the piston rod of the engine. 


circulating pump cylinder, inches....4. 31. 
Diameter of suction and delivery pipes, inches.......... 15. 
Area of 12 foot valves of each air pump, square icici cio eveeee 162. 
10 air pump bucket-valves of each pump, square inches........000.4. 135-4 
10 delivery valves of each air pump, square inches.. 135-4 


18 foot valves at each end of each circulating pump, square inches, 243.72 
18 delivery valves at each end of each circulating pump, square 


Auxiliary Centrifugal Circulating Pumps.— Connected with 
each main condenser is also an auxiliary centrifugal circulating 
pump, driven by a vertical, simple, double-cylinder, direct-acting 
engine, and together with the combined air and circulating pumps 
arranged to draw from the sea, from the bilge of either or both 
engine rooms, and from the main drainage cistern, and to dis- 
charge directly overboard, or through the condenser. 


suction and delivery pipes, inches........ 12 
Capacity of pumps, in gallons, per minute... ...... 3.500 


Screw Propellers—The propellers are made of manganese 
bronze, and are four-bladed true screws. The blades are adjust- 
able, and each is bolted to the boss by nine tap bolts of man- 
ganese bronze, 24 inches in diameter, secured by lock plates, the 
recesses for the bolt heads being covered by finished composi- 
tion plates secured by countersunk screws. The bosses are 
spherical, and are fitted with conical tail pieces. 
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Diameter of propellers, feet and inches........ 14- 63 
boss, inches... 48 
Length of boss, inches.. 363 
Greatest width of blade, at radius of 3 feet 7} inches, feet and inches........ 3- 93 
projected, of each screw, square feet cove 54-79 
disc, of each screw, square feet.,........ 166.08 
Ratio of pitch to diameter, starboard... 1.105 
disc area of both screws area M. S.. +307 
Distance of center of boss above lowest point of hel, feet and ‘eelien., 8-1 
Immersion of tip of blades at draught of 21 feet 6 inches, feet and corse 6-2 


Boilers —There are eight single-ended steel boilers of the hori- 
zontal return fire tube type, with three corrugated furnaces in 
each boiler, and a separate combustion chamber for each furnace. 
The longitudinal joints of the shells are treble riveted, with 
double butt straps, and the circumferential joints lapped and 
double riveted. Each head of each boiler is made of three plates, 
the upper one of which is curved back to meet the shell. The 
heads are flanged outwardly at the furnaces and inwardly at their 
circumference, and the combustion chamber sheets rounded at 
the top. 

The boilers are placed in two equal groups in two water-tight 
compartments, with a central fore-and-aft fire room in each com- 
partment. There is one smoke-pipe, oval in cross section, for each 
group of boilers; the lower part is shaped to connect with the 
uptakes, each of which is carried up clear of the upper deck and 
constructed with athwartship and fore-and-aft division plates for 
the purpose of keeping separate the gases from the boilers on 
the opposite side of the fire room as well as those from adjacent 
boilers. 

There is an 8-inch self-closing stop valve on each boiler, fitted 
with suitable gear for operating it from the berth deck. A screw 
sleeve with hand wheel is provided for closing the valve, and a 
spindle with handle for opening. Auxiliary stop valves, 5 inches 
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in diameter, have been placed on each of the two extreme for- 
ward and after boilers only. Each boiler has two 44-inch locked, 
spring safety vaives, the two valves being in one case; they are 
fitted with mechanism for lifting by hand from the fire rooms, and 
also for operating them from the main deck, and the arrange- 
ment is such that the valves are raised in succession. 

The furnaces are fitted with the ordinary fixed cast-iron grates 
with cast-iron bearing bars. 

For circulating the water in the boilers while raising steam, 
the auxiliary feed pump in each fire room has been connected 
to draw water from each boiler through its bottom blow valve 
and to deliver through the auxiliary feed pipe and check valve 
into an internal feed pipe. 


Particulars of one Boiler.— 


Steam pressure for which designed, pounds.. cesses 135 
Test pressure, by application of heat to 225 
Grate, length of, feet and inches. ..... 6-10 
length between tube sheets, feet and inches. ...... 6-7 
spacing, horizontally, inches......, se 34 
total number...,......... 519 
thickness of stay (No. 6 B. W. G. ), +203 
Combustion chambers, depth, feet and inches... 2-8 
height, above back end of grates, upper, feet and 
height shove of lower, feet 
front head above tubes, inch...... eons 43 
back head, upper plate, inch..............- 18 


middle and lower plates, inch........ ti 
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Rivets in shell sheets, diameter, inches ....... 1} 
Braces above tubes, number......... 20 
diameter, inches....... 2 


total, square ~ 2.37606 
Grate surface, square feet....... 71.73 
Area through tubes, square 11.73 
Area over bridge walls, square feet 11.38 
Volume of furnaces and combustion chambers above grates, cubic feet.... 275.55 


Area of water surface, water 6 inches above tubes, square feet.........++++++ 127.57 
Steam room, water 6 inches above tubes, cubic feet........ sevens 374. 


Smoke pipes, number .. eos 2 
height above lower grates, feet and inches. ....., 75-4 


Stop valves, main, diameter, seer ove 8 


Total for eight Main Boilers. — 

furnaces and combustion chambers above grates, cubic feet.... 2,204.40 


Ratios.— 
Water surface to G.S. 
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Forced Draft-—The forced draft system in each boiler com- 
partment consists of two Sturtevant blowers, which discharge into 
separate main air ducts under the fire room floors, from which a 
branch duct leads to the ashpit of each furnace, each duct being 
fitted with a door in front of the ashpit, and each branch with 
a damper; each main air duct is also fitted with a damper close 
to the blower. The main air ducts are so arranged that either 
blower can deliver to the furnaces on both sides of the fire room. 

The damper regulating the draft to each furnace is not only 
so fitted that the amount of opening can be quickly and easily 
graduated, but is provided with a lever for preventing the furnace 
door from being opened while the damper is open, thus prevent- 
ing the escape of gases and flame out of the furnace when its 
door is opened. 

The fire rooms are well ventilated by the arrangement of light 
iron screens fitted overhead in each cOmpartment, so that all air 
going to the blowers is taken from the fire room below them, 
fresh air from the hatch at the farther end of the fire room being 


supplied at a low level in front of the boilers. 

Blowers.—Each blower is driven by an inclosed, double-cylin- 
der, Sturtevant direct-acting engine, with the cylinders placed 
below the shaft, the throttle valve of each engine being arranged 
to be worked from the fire room floor. Each blower is capable 
of supplying to the fires continuously 25,000 cubic feet of air per 
minute at the speed of 545 revolutions. 


Diameter of steam cylinders, inches 

Diameter of fan, inches 

Width of fan, inches 


Feed Pumps.—There are in each fire room two vertical, duplex, 
double-acting feed pumps of the Blake patent, one for the main 
and one for the auxiliary feed. The main and auxiliary systems 
of feed pipes are arranged to be connected at will, and all the 
feed pumps are arranged to draw from the feed tanks and to 
supply any boiler. Each main feed pump is arranged to draw 
from the feed tanks and air pump channel ways only, and to 
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deliver into the main feed pipe only. Each auxiliary feed pump 
is arranged to draw from the sea, the feed tanks, the air-pump 
channel ways, the bilge, the air ducts, or the boilers at will, and 
to deliver either into the auxiliary feed pipe, the main feed pipe, 
the fire main, the pipe connecting the tanks of the hydraulic 
pumping engines, or overboard through a sea valve in its own 
compartment. These pumps have their steam cylinders adapted 
for use as fire pumps with steam of 60 pounds pressure. Dimen- 
sions of main and auxiliary feed pumps, steam cylinders, 10 
inches; water cylinders, 6 inches; stroke, 12 inches. 

Feed Tanks.—There is in each engine room a feed tank of 550 
gallons capacity. Each tank is fitted with an overflow pipe lead- 
ing to the bilge, so arranged that any water passing down it may 
be seen. Each feed pump suction from the tank is provided 
with a balanced valve operated by a float in the feed tank, so 
fitted that it will allow no air to enter the feed pipes. The up- 
per portion of each tank is fitted as a filter, provided with sponges, 
and into which the water from the air pumps is delivered. 

Other Auxiliary Machinery.—There is in each engine room a 
horizontal, single cylinder, double-acting Blake pump, 14 by 8 
by 12, with suctions from the sea, the bilge of the compartment 
abaft the engine rooms, the secondary drain pipe, and the main 
drainage cistern, and arranged to deliver into the fire main and 
overboard. 

There is also in each engine room a horizontal duplex Blake 
pump, 73 by 4} by 10, which has a suction from the sea only, 
and which delivers into the engine room water service and the 
fire main. 

For turning the main engines there is in each engine room a 
double cylinder, vertical, simple engine, with cylinders 6 inches 
diameter and 8 inches stroke. This engine drives by worm 
gearing a second worm which is made to mesh with a worm 
wheel on the main engine shaft. It is fitted with piston valves, 
and controlled by a piston reversing valve. -The shaft of each 
engine is squared at the end and fitted with a ratchet wrench for 
turning by hand. 
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For ventilating the engine rooms, there is in each a Sturtevant 
fan having a capacity of 10,000 cubic feet per minute. They 
are driven by double cylinder, vertical, simple engines having 
cylinders 34 inches in diameter and 2} inches stroke. The fans 
are 36 inches in diameter, and have a width of 15 inches. There 
is also a ventilating fan located on the upper platform deck, be- 
tween the engine and fire rooms, operated by engines similar to 
the forcing blowers, and arranged to exhaust the air from the 
forward end of each engine room. 

In the central hatch of each fire room there is a simple, self- 
controlling, double cylinder, vertical ash hoisting engine of the 
Williamson type, fitted with a reversing gear which can be worked 
from the fire rooms or from deck. The cylinders are 4} inches 
diameter and 4} inches stroke. The ashes are discharged over- 
board on the starboard side through an inside pipe 15 inches in 
diameter. 

In the two middle compartments of the berth deck there are 
two Sturtevant fans for ventilating the ship, one forward on the 
port side, the other aft on the starboard side, and both arranged 
for exhausting and supplying air. They are operated by double 
cylinder, vertical, simple engines with cylinders below the shaft. 
The cylinders are 4 inches in diameter and the stroke 3 inches. 
The fans are 42 inches in diameter and 17 and 21 inches wide, 
and have a capacity of 8,800 cubic feet per minute. 

Steam Traps.—The separators in the engine and fire rooms, 
the jackets of main engine cylinders, air and circulating pump 
cylinders, the radiators, and the main and auxiliary steam pipes, 
are fitted with the Dinkel traps, with by-pass pipes and valves 
arranged for quickly overhauling them. 

On each side of the vessel, and running nearly the length of 
the engine department, there is a main drainage pipe of 2} and 
3 inches diameter leading to the feed tanks, into which the con- 
densed water from all traps is delivered. This pipe also has a 
branch to a sea valve in each engine room. 

Revolution Counters and [ndicators——In each engine room there 
are two revolution counters of the continuous rotary type, one 
having a reciprocating motion, the other worked through gear- 
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ing from the main shaft; the same gearing operates two revolu- 
tion indicators for indicating the speed of both main shafts, one 
being located in the opposite engine room. 

Steering Engines and Gear.—Located in the after part of the 
ship, well below the protective deck, is a horizontal, self-con- 
trolling, double cylinder, simple, combined hand and steam steer- 
ing engine of Williamson Bros.’ patent, with cylinders 13 inches 
diameter and 10 inches stroke. The power of the engine is trans- 
mitted to a chain drum by cut worm gearing of the Albro 
Hindley patent. The drum is fitted with positive clutches and 
is made to fit corresponding clutches on the worm wheel for the 
transmission of the engine power from the worm wheel to the 
drum. Automatic gear is fitted on the engine and is operated 
through a cut spur gear. 

When steering by steam, a clutch detaches a spur pinion on 
the automatic shaft, so that this pinion automatically closes the 
steam valve. When steering by hand, the drum is screwed out 
of contact with the clutches on the worm wheel,and the clutch on 
the automatic shaft is thrown into contact with the spur pinion. 

The engine is capable of putting the helm hard over from 
amidships in ten seconds, when the vessel is steaming at a speed 
of 17 knots. It can be operated either at the engine, from the 
conning tower, the pilot house, the bridge or the superstructure 
deck. 

Steam Capstan and Windlass.—On the main and superstructure 
decks forward, there is fitted a steam capstan and windlass, 
built by the American Ship Windlass Company, Providence, 
R.I. The capstan is so fitted that by means of it the windlass can 
be worked by‘hand, or the capstan may be entirely disconnected 
from the windlass. The engine for driving the windlass is 
double cylinder, vertical, direct acting simple, and is fitted with 
reversing gear. The diameter of the cylinders is 12 inches, and 
the stroke 12 inches. 

The windlass is fitted with two wild cats, each fitted so as to 
be easily thrown into and out of gear by a locking device, and 
controlled by a friction brake, the levers of the brake and lock- 
ing device being arranged to be within reach of one person. 
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The windlass is capable of raising both bower anchors at the 
rate of six fathoms per minute with steam of 80 pounds pres- 

sure, and of exerting an aggregate stress of 280,000 pounds on 

both bower chains with steam of 130 pounds pressure at the 

boilers. 

Winches—There are in all five double-cylinder, reversible steam 
winches : two boat winches of 4 tons capacity, cylinders 5 by 6 
inches, located in the central compartment on the berth deck ; 
two coaling winches, 5 by 8 inches, located on the superstructure 
deck, and one special reversible winch of 14 tons capacity for 
hoisting the torpedo boats, cylinders 7 by 8 inches, located on 
the after part of the middle superstructure deck. 

Engineers’ Workshop.—This is located in the middle compart- 
ment on the starboard side of the protective deck, and is fitted 
with a vertical, single cylinder engine, 5 by 6 inches, for driving 
the workshop tools,-which comprise 

One completely fitted 16-inch and 323-inch swing, back-geared 
engine lathe, with gap of 18 inches length, with range of screw 
cutting of 1 thread in 2} inches to 36 threads to 1 inch; 

Also, one 12-inch swing, back-geared engine lathe, complete, 
with screw cutting gears for cutting from 3 to 40 threads to the 
inch, with additions of patent variable feed, giving a range from 
28 to 260 cuts per inch; 

Also one 15-inch traverse hand and power shaping machine, 
fitted with swivel chuck arranged to be fastened to either the 
face or angle plates, and having all the adjustments of a first 
class machine ; 

Also one double geared hand and power drilling machine, 
geared for variable speeds, to drill holes from 4 inch to 2 inches. 

Distilling Apparatus.—Consists of two Baird vertical coil evap- 
orators, and two Baird No. 3} double coil distillers, having a 
combined capacity of 5,000 gallons of potable water per 24 
hours. The evaporators are connected with the port main con- 
denser for supplying the waste of water from the boilers. 

There is a No. 7 Davidson light service pump, 7 by 7 by 10 
inches, for circulating the cooling water through the distillers, 
the water, after leaving the distillers, being discharged either 
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directly overboard or into the flushing pipe leading forward to 
the officers’ and crew’s water closets. By-pass pipes and valves 
are fitted for discharging directly into the flushing pipes when 
the distillers are not in operation. 

There are also two Davidson pressure pumps, 3} by 2 by 4 
inches, one to draw from the sea for feeding the evaporators, and 
one to draw the condensed water from the evaporator coils and 
deliver into the auxiliary feed pipe. These pumps are also 
arranged to draw from the evaporator shells and deliver over- 
board, and from the distillers and deliver into the feed pipes. 
There is one Davidson special pump, 2} by 4 by 3 inches, to draw 
from the filters only and to deliver into the ship’s tanks only. 

Wash Room Pump.—In the forward boiler compartment there 
is a No. 00 Blake pump, 3 by 1# inches, connected to draw from 
the main feed suction pipe and the wash water tanks in the for- 
ward fire room, and to deliver into these tanks and into a tank 
in the firemen’s wash room. 

Electric Plant—The generating plant consists of two inde- 
pendent, vertical, double-cylinder, simple and direct-acting en- 
gines, cylinders 134 inches diameter and 6 inches stroke, each 
capable of developing 52 mechanical horses power with a steam 
pressure of 60 pounds per square inch. 

The armatures are carried on an extension of the engine shafts, 
and are Gramme rings, smooth core, with stranded, twisted con- 
ductors for the purpose of breaking up eddy currents. 

The field is four-pole compound wound, with a frame of low 
steel, allowing a high magnetic density. The commutators are 
cross connected for two copper gauze brushes. 

The dynamos are designed to develop 400 amperes at 80 volts 
full load, at an armature speed of 400 revolutions per minute 
with an allowance of 2 per cent. variation of this speed, or any 
change from full load to 20 per cent. of the same, or 5 per cent. 
on changing from no load to full load, or the reverse. This regu- 
lation is obtained by means of a fly-wheel governor varying the 
point of cut-off. The electric efficiency is 82 per cent. 

The above plant furnishes power for 500 16-candle power in- 
candescent lamps, four search lights (two of 60,000 to 70,000 
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candle power, and two of 80,000 to 90,000 candle power), and 
for one 2-horse power motor for the ventilation of the dynamo 
compartment. 

Dimension of space for each engine: Length, 9 feet; width, 4 
feet; heighth, 5 feet 8 inches. 

To provide against disablement from water entering the cylin- 
ders and chests, this plant has been fitted with separate inde- 
pendent steam pipes, extra stop valves on the boilers, centrifugal 
separator with traps and drains in each branch steam pipe to the 
engines, and swinging check valves in each exhaust pipe. 

Hydraulic Plant—There is an hydraulic pumping plant for 
each turret to supply water for revolving the turrets, hoisting 
ammunition, and for loading and working the guns, in elevating 
and depressing them to range. Each plant is located beneath 
the protective deck, well below the water line, and consists of 
two horizontal Blake duplex, double outside plunger pumps, 
making four such pumps in all. The pressure pipes of the two 
plants are so connected that each set of pumps can be used on 
either or both turrets. 

There is a steam hydraulic accumulator, consisting of a steam 
cylinder and a water plunger so connected with the pumping 
engines that the movement of the steam piston and plunger 
actuates the throttle valves of the hydraulic pumping engines, 
suitable levers and connections being provided so that the throt- 
tle valves may be adjusted to the working conditions of the 
plant. There are no valves in the accumulators except a stop 
valve for shutting off steam when the plant is not in use. 


Particulars of Each Pumping Plant.— 


Accumulator, steam cylinder, diameter, inches. cesere 30 
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The combined capacity of the pumps for each turret is 550 
gallons per minute at a pressure of 600 pounds per square inch, 
this specified duty to be performed with 100 pounds steam pres- 
sure at the pump throttle. The piping conveying the water 
under pressure is of wrought-iron screwed into wrought-iron 
flanges, each pair of flanges having annular recesses and corre- 
sponding projections, both of which are corrugated, the joints 
being made perfectly tight by a thin gasket of lead. 

The water under pressure, after leaving the accumulators, 
passes up into the turret by means of a center tube, surrounded 
by an “all round” connection, from which branches lead to the 
various hydraulic cylinders used for operating the guns, and also 
to a reversing valve for the hydraulic engines that revolve the 
turrets. 

Turret Turning Engines —There are two hydraulic turret turn- 
ing engines in each turret, placed in opposite positions and each 
driving a pinion gearing into an internal circular rack, perman- 
ently fixed to the vessel. Each engine consists of three single- 
acting, vibrating hydraulic cylinders, fitted with hydraulic packed 
plungers, each 8 inches diameter and 10 inches stroke, which 
revolve a vertical crank shaft fitted with the pinion which meshes 
into the circular rack. 

The valve chest is placed directly and centrally over the crank 
shaft, and is connected with each cylinder by the pipe through 
which the water is conducted to the cylinders. The valve chest 
consists of an outer casing with water passages and ports, fitted 
with a conical distribution valve which is driven by and revolves 
with the crank shaft of the engine. 

This valve is held in its seat by a spring which may be ad- 
justed so as to relieve the valve from extraordinary pressure. 
Equalizing plungers which will yield to any variation in the 
volume of the water, and which will also act in the same capacity 
as air chambers in preventing water ram in the pipes, have been 
provided upon each of the pipes connected with the engines. 
The rotation of the turrets and the operation of the guns are 
readily controlled by hand wheels and levers placed at the sight- 
ing stations within the turrets. 
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Torpedo Boats—Forming a part of the complement of boats 
for this vessel are two torpedo boats, the design of which was 
prepared by the Navy Department, that for the hull by the 
Bureau of Construction and Repair, and that for the machinery 
by the Bureau of Steam Engineering. 

The general dimensions of the hulls are :— 


Length over all, feet and inches. 
on load water line, feet and inches 
Beam at water line, feet 
Draught, mean, feet and inches 
Displacement (about), tons 


The hulls are of steel, the outside plating worked flush, with 
seam strips on the outside. The decks are of steel plate covered 
with linoleum. 

~ In addition to the torpedo armament, which consists of a bow 
tube for discharging an 18-inch Whitehead torpedo, each boat 
is provided with a I-pounder rapid-fire gun. Ma 

There is one engine of the quadruple expansion type working 
a single screw; it is vertical, inverted, direct-acting, with the 
cylinders placed in order of size over the shaft, the high pressure 
cylinder being forward. The cylinders are 6, 83, 113 and 15? 
inches in diameter with 8 inches stroke of piston; they are fitted 
with one piston valve each, except the low pressure, which has a 
double ported slide. The high pressure valve is made without 
rings, but the other piston valves have broad adjustable rings. 
All the valves are worked by three Stephenson links, the two for- 
ward valves being operated by the same link. 

- The shafting is forged, of mild, open-hearth steel, and is hol- 
low, 3: inches diameter ‘with a 2}-inch hole through it. The 
crank shaft is in-one piece, with the cranks of the high and first 
intermediate pressure cylinders opposite each other, and those 
of the second intermediate and low pressure also opposite each 
other and at right angles to the first two. The framing of the 
engine, and the working parts generally, are of forged steel. 

The condenser, 15% inches in diameter, is made entirely of 
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composition and copper, and has a cooling surface of 150 square 
- feet. The tubes, which are § inch in diameter, have an exposed 
length of 5 feet. 

The air pumps are two in number, double-acting, of the Bailey 
type, previously described in the JouRNAL, and are worked by 
gearing off the forward end of the crank shaft. 

The circulating pump is of the centrifugal type, driven by an 
independent engine with steam cylinder 2 inches in diameter, 
and 1} inches stroke, the diameter of the pump runner being 
8% inches. The circulation of water through the condenser, 
when going ahead or astern is maintained by means of scoops 
over the injection and outboard delivery openings. 

There is in each boat one Mosher water-tube boiler, designed 
for a working pressure of 250 pounds per square inch. It con- 
sists of two steam drums placed above two water drums, and 
connected with them by 440 generating tubes of drawn steel, 
one inch in external diameter and No. 15 B. W. G. thick, so 
arranged as to form an arch over the grate, and connected so 
that the boiler is practically divided into two parts. The steam 
and water drums are further connected at the front end by return 
pipes, 4-inch pipe size. The water drums are of special tubes, 
8-inch pipe size. 

Each boiler has a single furnace with two furnace doors. 

The smoke-pipes, two for each boiler, are placed far enough 
apart on opposite sides to allow the torpedo boom to be rigged 
out between them. 

The sides and top of the boiler are encased and protected by 
asbestos, $ inch thick, hair felt 4 inch thick, and by galvanized 
sheet iron No. 24 gauge, cleaning holes being provided in the 
casing so as to get at all parts of the tubes with brushes or 
cleaners. 

The forced draft system consists of one blower discharging 
into a closed fire room. 

The main feed pump is located in the fire room, and there is 
a smaller auxiliary feed and bilge pumpin the engine room 
arranged to deliver into the main feed pipe. Thereare two fresh 
water tanks of a combined capacity of go gallons. 
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The grate surface in each boiler is 13.12 square feet, and the 
heating surface 517.8 square feet. 

Steam Cutters.—There are two steam cutters, one 33 feet, and 
the other 28 feet long. The engine of the 33-foot boat is Type 
G, Bureau of Steam Engineering design, compound, with cylin- 
ders 4 by 8 by 6 inches, and was built at the Portsmouth Navy 
Yard. The boiler is of the Towne type, size A, and has 6.5 
square feet of grate, and 150 square feet of heating surface. 

The engine of the 28-foot boat is type B modified, Bureau of 
Steam Engineering design, compound, with cylinders 3} by 7 by 
6 inches, and was built at the Navy Yard, New York. The 
boiler is of the Towne type, and has 6 square feet of grate, and 
107 square feet of heating surface. 

Both cutters have keel condensers, independent combined air 
and feed pumps, and duplex feed pumps. 


WEIGHT OF MACHINERY. 


The propelling machinery, including engines, boilers and 
appurtenances, fixtures in engine and fire rooms, smoke pipes, 
ventilators, distilling apparatus, tools in workshop, heating appa- 
ratus, and water in boilers, condensers, pumps, pipes and stern 
tubes, but not including stores, spare parts, capstan, windlass, 
turret turning gear, steering gear or winches, is 891.92 tons. 

The important detailed weights are: 


Bed plates, shaft bearings, brasses and caps. 
Stern and bracket bearings....... 
Engine framing and crosshead guides... ...... 
‘Cylinders, covers, relief and starting valves, 

Pistons, with rods, crossheads and 
Connecting rods and journal brasses........ 

Main links, eccentric rods and straps 
Propeller shafts. .....000. 


| 
| Pounds. 
41,808 
8,702 
13,543 
25,617 
| 160,673 
31,477 
16,751 
10,348 
6,724 
9.751 
31,106 
11,629 
44,313 
35,870 
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Reversing engines, shafts, arms, etc.. 

Centrifugal circulating pumps and Connections 
Engine room, fire and bilge pumps ona 

Main and auxiliary feed pumps....... 
Hydraulic plant (estimated when completed, 43 toms) ...... 
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14.943 
3.602 
1,545 
5,436 

43,746 

72,768 
8,800 

12,148 

20,512 

20,957 

13,757 

14,777 

736 
5,934 

10,924 
9,876 
4,816 

335533 

15,463 

39,620 

637,565 

83,763 
8,564 

12,988 
4,075 
4.776 

10,759 
5,613 
9,700 

46,893 

10,224 
2,186 
6,785 

12,314 

57,982 

14,337 
3.341 

315,960 
13,910 
18,109 

979 

32,825 
3,813 

95,530 
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LIST OF THE STEAM MACHINERY ON BOARD THE U. S. S. MAINE. 


Main Engines. 


No. of Cylinders. 


Propelling engines, vertical, triple expansion, 
Main Engine Auxiliaries. 


Combined air and circulating pumps, Blake, horizontal, 
compound; air pump cylinders (2 each) single-acting, 

Centrifugal circulating pumps, vertical, 

Main feed pumps, Blake, vertical, duplex, 

Auxiliary feed pumps, Blake, vertical duplex, 

Forced draft blowers, Sturtevant, vertical, 


General Auxiliaries. 


Fire and bilge pumps, Blake, horizontal, 

Ventilating fans, engine room, Sturtevant, vertical, 
Ventilating fans for ship, Sturtevant, vertical, 

Dynamo engines, vertical, ‘ 

Evaporator and distilling pumps, Devideos, 


Special Auxiliaries. 


Steering engine, Williamson, horizontal, ‘ 

Capstan and windlass engine, American ae Wiedlass 
Co., vertical, 

Auxiliary pumps, Blake, fire - water service, hori- 
zontal, duplex, 

Steam winches, American Ship Windlass Co., ‘aslanntal 
and inclined, ; ; 

Ash-hoisting engines, Williamson, ery 

Turning engines for main engines, vertical, 

Reversing engines, main engines, vertical, 

Throttle valve engines, horizontal, ‘ 

Hydraulic outside plunger pumps, Blake, hovisctal, 
duplex, 


2 Steam hydraulic sccamuletors, 


Wash water tank pump, Blake, becloietl, 
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1 Workshop engine, rer I 
2 Torpedo boat engines, quadruple, vertical, 8 
2 Torpedo boat feed and bilge pumps, Davidson, 2 
2 Torpedo boat blowing engines, vertical, 2 
2 Torpedo boat circulating pumps, 2 
2 Torpedo boat feed pumps, Davidson, 2 
2 Propelling engines, steam launches, compound, vertical, 4 
2 Feed pumps, steam launches, horizontal, Worthington, 4 
2 Air pumps, steam launches, horizontal, 2 
1 Air compressor for torpedo tubes, I 
119 


OFFICIAL TRIAL. 


The official trial for horse power took place on the 17th of 
October, 1894, in Long Island Sound. The Maine l|eft her 
anchorage off New London Light at 12 Meridian, and proceeded 
out through the Race, and when off Watch Hill was turned and 
headed to the westward in order to make as nearly as prac- 
ticable a straightway run for the four consecutive hours’ trial 
required by the contract. 

The trial began at 1.30 P. M., and ended at 5.30. The weather 
conditions were not very favorable, for throughout the entire 
run the ship was steaming against a strong head wind and sea, 
which increased in force to the end of the trial. The ship was 
remarkably steady, and at the maximum speed of the engines 
very little vibration was noticeable. 

The speed was very accurately obtained for a portion of the 
trial, while running over the official measured course laid down 
for the trial of the Ericsson. The average speed for this 25-mile 
course was 15.95 knots, and with a mean allowance of 1.5 knots 
for the strong head wind and tide, the average speed of the ship 
was 17.45 knots. 

The performance of the machinery throughout the trial was 
excellent. The main engines ran smoothly and without any 
heating of the working parts and main bearings. The combined 
air and circulating pumps worked uniformly and steadily, requir- 
ing no particular attention or adjustment at any time. 
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The performance of the boilers was highly satisfactory ; there 
were no evidences of priming, and at a moderate forced draft 
they fully demonstrated their capability of furnishing all the steam 
required by the main engines and all auxiliaries as required by 
the contract. 

The coal was selected Pocahontas, of good quality. That used 
during the official trial had been previously weighed and bagged, 
in order that the amount used during the trial might be accu- 
rately known. 

After the trial the main engines, boilers, surface condensers 
and auxiliaries were examined and found in excellent condition. 


DATA OF OFFICIAL TRIAL, U. S. S. MAINE. 


Draught of water at beginning, forward, feet and inches.........0 .seeceeee 18- 2 

aft, feet and inches.......... Ig- I 

at end, forward, feet and inches. .......2. ves 17-10 

mean, for trial, forward, feet and inches......... ......se 18-0 

Displacement at mean draught on trial, toms...... oe 5,500 

Area of midship section at 18 feet 6 inches mean draught, square feet. 906 

I.H.P. (total) per 100 square feet of wetted surface 42.53 


I.H.P. per 100 square feet of wetted surface at 10 knots in ratio of 3.5 


Slip of screws, mean, per Cent., starboard 12.805 


Speed” area immersed midship section cesses 518.26 


Synopsis of Steam Log. a Port. 
Revolutions of main engines per minute, mean........... 125 96 122.313 
Piston speed, feet per minute...... 733.878 
Steam at boilers, gauge ........+++ 144.9 
second receiver, 28.84 34-34 
Vacuum in condenser, inches of mercury........... 23.875 22.839 
Steam cut off in fraction of stroke from beginning, H.P. 8 8 
LE.. 7 
L.P. 7 
Double strokes of combined air and circulating pumps, 51.55 42.444 
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Starboard. 
Temperatures in degrees Fahrenheit, steam at H.P. 
Temperatures in degrees Fahr., injection. 63. 
127.3 
engine rooms, upper..... 146. 
lower..... 99. 
fire rooms, forward...... 127. 
134. 
Revolutions of blower per minute, main boilers........... 450. 
Air pressure in inches of water, ash Ppits.. ..ecceses seseeeeee 1.074 
H.P. cylinder, mean pressure... 54-372 53-656 
L.P. cylinder, mean pressure.,..... 16.236 16.267 
Aggregate equivalent mean pressure on L.P piston...... 33-7175 33-0855 
I.H.P. collective of each main engine.......... 4,696.95 4,474.50 
of both main engines,........ 9,171.45 
of combined air and circulating pumps............ 28.25 24.593 
collective of air and circulating pumps (2)....... 52.843 
of all forced draft blowers, (4). 38.068 
Of main feed: pepe, (2) , 15.429 
of all auxiliaries...... La 121.1962 
each main engine, air and circulating pump...... 4,725.20 4:499.093 
both main engines, air and circulating pumps.... 9,224.293 
total of all machinery in use. 9,292.646 
Indicated thrust, (I.H.P. main engines).. 57:354-40 
per square inch of surface of thrust 
Cubic feet swept per minute by L.P. piston, per I.H.P. 
Of ENGINES... 6.73 6.87 
Square feet of H.S. per I.H.P... cose 2.0462 
of cooling surface per 1.H..P... 1.5087 
I.H.P. of all machinery in operation, per square foot 
of GS... ° 16.1938 


I.H.P. per ton of propelling machinery, boilers and 


Coal Consumption. 
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Kind and quality of coal good quality. 


Coal burned per hour, actual weight, pounds. 20,272. 
per square foot of G.S., 35-327 
per I.H.P. of all machinery, pounds. ...... 2.1815 
per I.H.P. of main engines, air and circulating 
pumps, and feed pumps, pounds...... sees 2.194 
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TRIAL TRIPS, ETC. 


THE MODERN MARINE ENGINE, BOILERS, ETC. 


A SERIES OF LECTURES DELIVERED AT THE NAVAL WAR 
COLLEGE, NEWPORT, R. I., SEPTEMBER, 1894. 


By Passep AssISTANT ENGINEER W. M. McFarvanp, U.S. Navy. 


LecrurE I1V.—TrRIAL Trips, Etc. 


It is proposed in this lecture to say a few words with regard 
to the desirability of carrying out full power trials, and also with 
respect to the conditions that should govern a trial. It might 
seem at first sight, from the fact that trials are so universally en- 
forced all over the world, that there could be no doubt of their 
value and importance; but a recent Congressional investigation 
based on the statements of a Washington lawyer attracted con- 
siderable attention to the point, and may have raised in the 
minds of many the question whether after all trial trips, as at 
present conducted, are of any great use, and whether they do 
not in fact subject the machinery to such severe stresses as to 
injure it and thereby reduce its usefulness for future service. 

It is interesting to glance at some of the reasons which have 
led to the present contract requirements with regard to official 
trials. When the new Navy began, with the building of the 
Roach cruisers, the contracts specified the development of a cer- 
tain horse power by the machinery, but fixed no penalty for 
failure to secure the stipulated amount, and provided also that if 
there was a failure to give the stipulated performance, and it was 
not due to defects of material or workmanship, the vessel should, 
nevertheless, be accepted. Most of you are probably familiar 
with the trouble in regard to the trials of the Dolphin, which 
failed by a small percentage to develop the required horse power. 
With our greater experience in running off trials at the present 
time, it is safe to say that a contractor at this day would never 
have let the question arise as to the success or failure of the 
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vessel, because the amount which she fell short was so very 
small that, by a little more careful adjustment and more skill on 
the part of the men, the required amount could certainly have 
been reached. At all events, Secretary Whitney, who had just 
entered on his administration when the Do/phin's trials occurred, 
considered that thegontracts had been rather loosely drawn, and 
when the first contracts were made during his administration 
the requirements were stated more carefully. 

Mr. Charles H. Cramp, head of the well-known ship and engine 
building firm, has recently stated that, when these first contracts 
were to be drawn, Mr. Whitney called on a number of contract- 
ors, himself included, to see whether they were willing to submit 
proposals under the form of contract he had drawn. At first 
there was no provision for equitable settlement if the vessel failed 
to come up to the contract requirements, and the Secretary 
thought that, as the contract was worded, the ship would have 
to be rejected for even the slightest falling off. Of course, no 
contractor was willing to undertake to build a ship on any such 
proposition, and Mr. Cramp then proposed the same arrange- 
ment as had obtained in a contract between his firm and the 
Russian Government for building some vessels for that country, 
whereby, if the contract results were not entirely reached, there 
should be a certain penalty imposed for each degree of inferiority 
down to a certain point, when absolute rejection would ensue, 
and as a natural consequence of this penalty a premium was 
offered for results in excess of the contract requirements. This 
was so manifestly reasonable that it was at once adopted, and has 
since formed part of every contract made by the Navy Depart- 
ment for our new vessels. 

When the first ships were contracted for during Secretary Whit- 
ney’s term we had had no experience on this side in regard to 
the performance of very fast ships of modern type, and the con- 
tractors felt some hesitation in guaranteeing the high speeds 
which the vessels were expected to make, while they felt that 
with engines of given size and carrying a given steam pressure 
they could pretty safely guarantee the horse power. As a re- 
sult, the contracts for the first seven or eight ships were drawn 
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on the basis of horse power, with a penalty of $100 per horse 
power for falling below the contract requirements, and a premium 
of like amount for excess. 

Two vessels, however, the Philadelphia and San Francisco, 
were contracted for on the basis of speed requirements not long 
after the first horse-power contracts, and after their trials had 
been completed all the later contracts were made on the basis of 
speed, the contractors feeling able to estimate pretty closely what 
vessels of given size and given power could do. 

In the charges which were submitted by the Washington law- 
yer, and on which the Congressional investigation of the trial 
trips was based, it was alleged that the premium system was ab- 
solutely wrong, and that the speed of vessels could be predicted 
in advance within a very small margin. The testimony taken 
by the Naval Committee, however, showed that this was not the 
case, as such competent experts as the Engineer-in-Chief and the 
Chief Constructor of the Navy stated that it was absolutely im- 
possible to predict the speed of a large fast vessel, unless very 
similar to another vessel which had already been tried, to within 
a knot. When a vessel was exactly similar in all respects to 
other vessels which had been tried, a very close approximation 
could, of course, be made to her probable speed. Attention 
was called also to the fact that in the case of the three sister 
ships, Detroit, Montgomery and Marblehead, there.was a difference 
of as much as .6 of a knot between the highest and lowest, and 
no two came within .3 of a knot of each other. As these ves- 
sels were supposed to be identical in every respect, it shows, of 
course, how impossible it was to say in advance just what the 
speed would be. 

Now, in regard to the plan of offering a premium, there is this 
to be said: The designers of a vessel might fix a speed which 
they believed to be just barely attainable without offering any 
premium, but necessarily providing a penalty for failure to reach 
it. The contractor in this case would see that he was very 
rigidly bound, and as a prudent business man, taking cognizance 
of all the chances in the case, would increase his bid correspond- 
ingly and allow for possible penalty for failure to reach the con- 
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tract requirements. If, on the other hand, the contract fixes the 
speed at a figure which is known to be possible with good work- 
manship and reasonable skill in running off the trial, the con- 
tractor will lower his bid correspondingly. If, from his previous 
experience in building ships and machinery and running off trial 
trips, he has reason to think that he can pretty safely count on a 
higher speed than the contract requires, he will scale down his 
bid accordingly. That this is the case was shown conclusively 
in the experience of the Department with the building of the 
Yorktown, Concord and Bennington, and afterwards of the Detroit, 
Marblehead and Montgomery. When the Yorktown was con- 
tracted for, the horse power requirement was 3,000 with a pre- 
mium, as already stated, of $100 per horse power. When the 
Concord and Bennington came to be contracted for with identical 
machinery, the horse power requirement was 3,400, it having 
been concluded in the meantime that the engines would readily 
give this amount. There was no doubt at all of securing 3,000 
horse power, but the contractors all felt that 3,400 was very 
close to the limit, and, as a result, the contract price for these two 
later gunboats was $35,000 more than the contract price for the 
Yorktown. The Yorktown made nearly 3,400 horse power and 
got a premium of some $33,000, while the Concord and Benning- 
ton made just a little over 3,400 and got premiums of only about 
a thousand dollars. The net result to the Government in the 
total cost of the vessels was just about the same. In the case of 
the Detroit, Montgomery and Marblehead, when the vessels were 
first advertised the speed requirement was 18 knots, and the con- 
tractors all concluded that the vessels could not be built within 
the appropriation with this speed requirement. After careful 
consideration, the Navy Department re-advertised the vessels, 
simply reducing the speed requirements one knot. The speed 
premium in this case was $25,000 per quarter knot, or $100,000 
per knot. The bids which came in under this second advertise- 
ment were just about $100,000 less than those which had been 
made the first time, because it was felt to be absolutely certain 
that the vessels would make over 18 knots, and consequently 
they were sure of $100,000 premium. The result to tlte Gov- 
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ernment was exactly the same as if the higher bids had been 
accepted the first time. 

It may naturally be inquired, if the cost to the Government is 
about the same, whether the requirement is fixed at the maxi- 
mum possible without any premium or at a lower figure with a 
premium, why is it not better to dispense with the premium sys- 
tem and simply fix the requirements at the highest attainable. 
To answer this requires an intimate acquaintance with all the 
conditions of ship and engine building and of running off trials, 
but it may be stated as a result of the experience of the ablest 
men who have looked into this matter that there is almost uni- 
versal agreement that the premium system is the best. 

It was remarked in an earlier lecture with regard to very high- 
speed machinery that in order to make a successful trial great 
care was necessary in the adjustment of the: machinery. The 
same is true to a less degree with the trials of comparatively 
high-speed large machinery. To attain the maximum results 
there must be the greatest care used in workmanship and adjust- 
ment of all the parts, and great skill and ability displayed in 
running off the trial. We all know that at low speeds there is 
never any trouble from heated bearings or any other cause, be- 
cause everything is running well within the capability of the 
machinery ; but when it comes to pushing everything to the 
utmost to get the highest possible results, we are approaching 
the limit in all respects, and unless the greatest care and skill 
have been used the highest results cannot be obtained. Now all 
of these requirements involve the expenditure of considerable 
money,'and unless the contractor has some prospective reward 
he is hardly likely to devote his time and money to securing 
high results. 

As an example of the care required, it may be stated that one 
of our ships, not long since, went out on a preliminary trial and 
gave fairly good results. If there had been no premium involved, 
the trial would in all probability have been conducted within a 
short time; but it was evident to the skilled engineers who su- 
pervised the trial that the machinery was not absolutely perfect. 
Investigation showed that the main pistons were very slightly 
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too large in diameter. This was not apparent when the engines 
were cold, as there was apparently sufficient clearance between 
the pistons and the cylinder, but under heat the expansion was 
not perfectly uniform and the pistons had come in actual con- 
tact with the cylinders. As a result of this, all the pistons were 
taken out and slightly reduced in diameter, which involved con- 
siderable expense, but the final results obtained fully justified 
this increased care. 

The point has sometimes been raised that the full power forced- 
draft trials to which our vessels are subjected do not pay for 
themselves; that their results are not indicative of what the ves- 
sel can do under normal conditions, and that in fact the machin- 
ery is frequently overstrained. In the writer’s belief, and this is 
confirmed by the most eminent engineers who have investigated 
the matter, this view is entirely erroneous. The machinery is 
designed to be perfectly safe under just these conditions of maxi- 
mum stress, and although under the conditions of trial there is 
always more or less of a feeling of apprehension that something 
may go wrong, this is simply the feeling which is natural when 
the supreme test is put on any construction or upon any person. 
In all probability the repeated failures of English naval boilers 
under forced draft has had a great deal to do with this feeling 
that full-power trials bring undue stress upon the machinery ; 
but the fact in this case seems to be that the design of the boil- 
ers was defective, in that too much was required of them. We 
have had no such experience with our boilers, although some 
have been subjected to very severe forcing ; but, as has already 
been stated, when the machinery is.properly designed there is 
absolute safety. What the trial does test most rigidly is the 
perfection of material and workmanship. Of course, if there are 
any defects in the machinery they are very thoroughly brought 
out, and we have had cases where some small part of the ma- 
chinery happened to be defective, and this was clearly shown on 
the trial. It must be remembered, too, that as our contracts are 
drawn the contractors are responsibie for the machinery until 
after the trial, and the trial must demonstrate that it is strong 
and well built. If any defects are developed by the trial the con- 
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tractor has to make them good; consequently, when a trial has 
been run off and there has been no mishap of any sort, the Gov- 
ernment has a right to conclude that the vessel can be relied 
upon when it is desired to repeat the performance through which 
she has gone. If no such trial were made, but the supreme effort 
was left for a time of emergency, there could be no assurance 
that when the emergency came the machinery could be relied 
upon to respond. 

With regard to the remark sometimes made that the trial trip 
results cannot be duplicated in regular service, a complete denial 
can be made. The idea comes from the fact that full-power run- 
ning is seldom employed because it is expensive, and that, in such 
cases as the Charleston's chase of the /tata, the conditions are 
not the same. It can be asserted with absolute certainty that, 
given the same conditions as obtained on the trial trip, the per- 
formance can be repeated at any time. In 1889 the Chicago, 
Boston and Yorktown gave better results with their regular crews 
than had been obtained on the trial trips. 

In this connection, it may be remarked that we have cause to 
congratulate ourselves upon the fact that we have never had a 
trial trip which was a complete failure due to any accident to the 
machinery. Trials have been delayed in a few cases on account 
of some minor defect in some small part, but this was remedied 
almost immediately and the trial carried out to complete suc- 
cess. 

Coming now to the question of the method of conducting 
trials, a good deal may be said. Where no question of premium 
is involved, and it is not necessary to determine the speed with 
great accuracy, it would be entirely unsatisfactory to determine 
the speed by the use of the patent log. Unfortunately, the patent 
log is entirely unreliable for accurate work. Instances could be 
multiplied without number to prove this, but it is hardly neces- 
sary to give specific cases because every officer knows the truth 
of this statement by experience. Runs over an accurately meas- 
ured base naturally suggest themselves, but the question then 
arises as-to what the length of this base should be. At one 
time English vessels were tried almost entirely on the measured 
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mile, the speed being determined as the mean of a series of runs 
in opposite directions. When measured-mile trials are properly 
conducted the effect of the tidal current is practically eliminated, 
so that the speed thus determined is thoroughly accurate and 
reliable. The objection is that at high speeds the series of runs 
could all be made in less than an hour, and it would be perfectly 
possible to maintain a very much higher average speed for this 
short time than for a longer period. One way out of this diffi- 
culty is to increase the length of the course so that runs may be 
made over it in opposite directions, and the entire time occupied 
will be enough to insure results which can be considered aver- 
age and not unduly high on account of the short duration. 
Unfortunately, when the course is lengthened the tidal current 
is not eliminated by runs in opposite directions, and it then be- 
comes necessary to make elaborate tidal observations, which 
have to be applied to the observed speed to determine the true 
speed. This is the method which has been employed for all 
our ships except one, the Department taking the view that it is 
the most accurate method, although probably the most expen- 
sive. On the recent trial of the Co/umdéia it required the services 
of eight vessels to determine the effect of the tide, and while in 
one sense it may be said that the expense was not great because 
these vessels were in commission anyhow, there would frequently 
be times when to get so many vessels together would require at 
least a considerable expenditure of coal, and might require their 
detention from more important service. 

There are very serious objections to this method of determin- 
ing the speed, however, because there is always some doubt as 
to whether the tidal corrections have been determined with abso- 
lute accuracy, and it is troublesome to lay off accurately as long 
a course as is required for two hours’ run of a high-speed ship. 
But, even admitting the entire accuracy of the method, it is objec- 
tionable from the contractor’s standpoint, for the reason that 
every variation which can possibly occur is against him. 
Nothing can possibly be in his favor. The ideal course would 
be one in which the tidal current is directly along the line of the 
course, but it is generally impossible to secure this absolutely, 
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and, if the current is at an angle to the direction of the course, 
the rudder must be put over a certain amount, which increases 
the vessel's resistance and thereby diminishes the speed. _ If pass- 
ing vessels get in the way, compelling a detour, the course is 
lengthened, but the contractor cannot get credit for this. Then, 
too, if fog should happen to set in when the trial was almost 
completed, so that the end of the course could not be accurately 
determined, the whole trial would have to be abandoned, not- 
withstanding the time, trouble and expense which had already 
been expended. This actually happened twice in the trials of 
the Olympia. The fog set in both times when the trial was within 
half an hour of completion. 

Another method of conducting trials has been proposed, and 
was brought to the notice of the Navy Department by Engineer- 
in-Chief Melville, which is known as the standardized screw 
method, and sometimes called the Bancroft method, because it 
was used in determining the speed of the Bancroft of our own 
Navy. This is a combination of measured-mile trials with en- 
durance trials. It consists in conducting a series of progressive 
trials over the measured mile at a series of speeds running from 
as high as the vessel will make down to any convenient moderate 
speed, and therefrom determining a curve showing the relation 
of speed and revolutions. The reason why it is necessary to de- 
termine this curve is because, as the speed increases the slip of the 
propeller increases, so that it requires rather more revolutions to 
make a knot at high speed than at lower ones. When this curve 
has been laid out the endurance trial can then take place any- 
where, as no lancmarks or buoys are necessary. The ship sim- 
ply goes to sea in water sufficiently deep to insure no retardation 
due to shoal water, and the four hours’ trial is run off. The 
total number of revolutions made in the four hours divided by 
240 gives the average per minute, and from this the average 
speed for the four hours is at once determined. 

There are a number of decided advantages inherent in this 
method. In the first place, the progressive trials on the meas- 
ured mile enable data to be obtained which are of the greatest 
service to the designers of both hull and machinery, in securing 
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the relation of speed and power through the entire range of the 
ship’s performance. Then the endurance trial requires the ser- 
vices of no ship except the one which is actually being tried. 
The staff of observers which would be required for determining 
the engine room data on any other trial will be the same, and 
the deck observers will probably not be as numerous as in the 
trial over a longer course. From the contractors’ standpoint 
there is the important advantage that it can be determined at any 
moment what the performance of the vessel is, as it is simply 
necessary to count the revolutions for a minute, when the speed 
is at once known. When the vessel is tried by the long-course 
method, the speed is not definitely known until after the trial has 
been completed and the tidal corrections worked out. There 
have been some cases where the contractors were subjected to 
great disappointment because the tidal correction proved much 
greater in amount than had been anticipated. From knowing 
at any moment what the performance of the vessel is, the con- 
tractors are enabled, if the performance improves steadily, to 
continue the trial beyond the four hours, and take any consecu- 
tive four hours for the vessel’s performance. While this might 
enable them to earn a higher premium, the Government is also 
getting a ship which has been subjected toa more thorough trial 
than was required. There is still another great advantage to the 
contractors from the fact that if the trial takes place in a locality 
not in the line of passing vessels, fog need not interfere with the 
trial in the least. The speed can be maintained at the same 
point as was made before the fog set in, as the engine-room 
counters, on which the determination rests, can, of course, be 
seen just as readily as when the weather is clear. In case it 
became necessary to alter the course to avoid passing vessels or 
for other reasons, this would not operate to the disadvantage of 
the contractors, as ‘the detour could be made to such a large 
circle that the helm need be scarcely put over at all, and the 
revolutions would be maintained the same as before. 

It is probable that this method would have been adopted as 
the standard method for all our trials, were it not for the fact that 
some hesitation seems to be felt on the ground that the revolu- 
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tions are not an absolute criterion of the vessel’s speed. This 
is, of course, true under certain conditions, as, for example, the 
same number of revolutions, which in absolutely smooth water 
and without wind, would give a certain speed, would not give so 
high a speed in a rough sea with a strong head wind; but inas- 
much as the measured-mile course can be laid off at sea, where 
the conditions would be practically identical with those under 
which the trial would be run, and as no contractor would ever 
run off a speed trial when the weather was bad, it is evident that 
this objection is imaginary rather than real. 

Some years ago, when Chief Engineer Isherwood conducted 
an elaborate series of trials on the tug Vina, to test the Kun- 
stadter steering propeller, he used a speed recorder, which con- 
sisted of a small propeller connected to a registering device by 
gearing, and rigidly connected to the ship’s side amidships by 
struts. The propeller used was large enough to be more than 
the toy which the propeller of the patent log is, and by stan- 
dardizing it at a moderate speed the indications would be the 
same for a knot at any speed. The only objection to this method 
would be the possible increase of resistance, at the high speeds 
of our modern ships, from the struts and the propeller when 
made of the size necessary to secure strength. 

We may feel sure, in any case, that the speeds of our vessel 
which have been tried for speed, have been determined with 
very great accuracy,.and we can depend upon the figures given. 
Recent trials in the English Navy have depended upon the 
patent log for the speed, so that no reliance could be placed 
upon the speed thereby indicated. In almost all our trials 
patents logs are used in addition to the other methods, and it is 
worth noting that in the recent trial of the Co/uméia, which was 
the fastest large vessel afloat at the time she was tried, the speed, 
as determined by accurate measurements over the course, was 
22.8 knots, while the patent log reading gave her a speed of 
24.34 knots. Of course, we claim only 22.8 knots, but when a 
comparison is made with fast vessels of the English Navy, the 
speed of 24.34 knots would be the one to use. 

It is probable that the requirements of our full-power trials are 
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sometimes regarded as very rigid, but it is interesting to com- 
pare with them the requirements of the French Navy. It has 
apparently been considered sufficient thus far in our trials to insist 
upon one thing at a time, and when the requirement was for 
speed nothing was said about horse power or the economy with 
which the horse power is obtained. In the French trials, how- 
ever, not only is a particular speed insisted upon, but that under 
full power the horse power should be obtained with a certain 
coal expenditure. Their trials at more moderate speeds are also 
coupled with conditions for economy of coal still more rigid. As 
these trial requirements are quite interesting, I have had a copy 
made of a translation which appeared recently in the “ Journal of 
the American Society of Naval Engineers,” and which is as 
follows, being from the contract for machinery of 8,000 I.H.P. 


TRIALS. 


After the contractors are satisfied that the machinery is in 
readiness, it will be inspected and tested in their presence by a 
commission. 

This commission will make all the tests that it deems neces- 
sary, with all or a part of the fires lighted, to determine that the 
boilers are well made, that the feed is abundant, and that the 
various parts of the engines work with the ordinary means of 
lubrication from oil and water, regularly and without heating of 
sufficient intensity to demand a continuous use of sea water even 
at the maximum speed. 

The commission will ascertain that each of the main engines 
can be driven by the steam from any one of the boilers ; that the 
stoppage of the air and circulating pumps of one of the main 
engines will not prevent the working of both of the main engines 
at a slow speed, and that the brakes are sufficient to hold the 
screws while the engines are being coupled and uncoupled. 

It wili also ascertain that each of the circulating pumps can, in 
less than sixty seconds after the order is given, take water di- 
rectly from the bilge and discharge it into the sea in the quantity 
specified in the contract; that this manceuvre shall be made with- 
out any possible hesitation, by one man only, from the upper 
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platform of the engines, and without there being any chance for 
connection between the sea and the bilge. 

The commission will also ascertain that the tools and spare 
parts delivered conform in size, quality and quantity to the pro- 
visions of the contract, and that similar pieces are interchange- 
able. It will ascertain by repeated trial that, by means of the 
hand reversing gear, the engines can be started ahead in less than 
forty-five seconds, and that, upon the order to reverse, the engines 
can be backed in less than ninety seconds, although they might 
have been going at full speed ahead. The same thing must be 
true in going ahead from backing. With the steam-starting gear 
these manceuvres must be capable of execution without hesita- 
tion, by one man, in one-third of the time specified for the 
hand gear—that is, in fifteen or thirty seconds. 

The commission will also ascertain that, with the valves suf- 
ficiently closed, and with the normal vacuum in the condensers, 
the engines are able to maintain a normal speed of less than thirty 
revolutions per minute. 

After these examinations, the following trials will be con- 
ducted, for each of which the vessels shall be, as nearly as possi- 
ble, at the designed load water line. 

ist. Trial for coal consumption and good working at 8,000 
1.H.P., under natural draft, with twenty-four boilers ; duration, 
twelve hours. For this test the engine will work triple expan- 
sion, and all the boilers will be in use. The pressure at the boil- 
ers is not to exceed 17 kilos (242 pounds per square inch), and 
that at the reducing valve 12 kilos(171 pounds per square inch). 
The firing will be done with natural draft. The point of cut-off, 
which must be maintained at the same point during the whole of 
the trial, is to be regulated by the contractors so as to develop 
8,000 I.H.P., the speed of the main engines not to exceed 125 
revolutions per minute. 

In case it should be necessary to change the screws, in order 
to obtain 8,000 horse power without exceeding the 125 revolu- 
tions, this change is to be made at the expense and risk of the 
contractors. 

The consumption of coal measured for six hours at the begin- 
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ning of the trial must not exceed one kilo (2.2046 pounds) per 
horse power per hour. If it exceeds 1,); kilos (2.425 pounds), 
the machinery may be rejected. Ifthe consumption is less than 
one kilo, there will be a premium of 400 francs for each gramme 
(0.0022 pound) below one kilo. 

2d. Trial of power under forced draft with twenty-one boilers 
for four hours. The engines will be worked triple expansion, 
and twenty-one boilers will be in use. The pressure in the boil- 
ers is not to exceed 17 kilos (242 pounds per square inch), and 
that at the reducing valve 12 kilos (171 pounds per square inch). 
The combustion will be by forced draft obtained by jets of steam in 
the chimneys. The cut-offin the cylinders must remain constant 
during the whole trial, and will be regulated by the contractors 
so as to develop 8,000 I.H.P. If, during this trial, which shall 
last during four consecutive hours, the total power of 8,000 
I.H.P. is not obtained, there will be a penalty of 100 francs for 
each horse power lacking. 

3d. Trial at maximum power, lasting four hours. For this 
trial the engines will work triple expansion, and all the boilers 
will be in use. The pressure in the boilers is not to exceed 17 
kilos (242 pounds per square inch), and at the reducing valves 
12 kilos (171 pounds per square inch). The stop valve shall 
be opened wide, and the cut-off will be at the latest point. 
Forced draft will be used, and the firing will be pushed as much 
as possible, so that the engines may develop all the power possi- 
ble, without, however, the combustion exceeding 170 kilos per 
square meter (34.8 pounds per square foot), of grate surface. 

During this trial, which is to last four consecutive hours, the 
working of the machinery is to be entirely satisfactory in every 
respect. 

4th. Trial of good working and of coal consumption at 5,000 
horse power, duration twenty-four hours. During this trial all 
the machinery will be in operation, and as triple expansion. 
The fires will be under natural draft. 

Only eighteen boilers will be used. The pressure in the boilers 
and the point ‘of cut-off at the engines will be regulated by the 
contractors, so as to develop a collective horse power of 5,000. 
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The cut-off must remain constant during the whole of the trial. 
The coal consumption during the entire trial must not exceed 
850 grammes (1.874 pounds) per I.H.P. per hour. 

If the consumption exceeds 850 grammes, there will be a 
penalty of 800 francs for each gramme in excess. If it exceeds 
950 grammes (2.094 pounds), the machinery may be rejected. 

If it be less than 850 grammes, the contractors are to receive 
a premium of 800 francs for each gramme below 850. 

This trial of twenty-four hours shall include a period of six con- 
secutive hours, taken either at the beginning or at any particular 
time during the trial selected by the contractors, during which 
there was no cleaning of the fires, and for these six hours the 
consumption of coal per horse power must not exceed 800 
grammes (1.764 pounds). If the consumption during these six 
hours is in excess of 800 grammes, the contractors will be under 
a penalty of 400 francs for each gramme in excess. 

If it is less than 800 grammes, there will be a premium of 400 
francs for each gramme below. The premiums and penalties for 
these two trials of twenty-four and of six hours will be added. 

5th. Consumption trial at 2,000 horse power, lasting six hours. 
For this trial all the machinery will be in operation, and at triple 
expansicn. The number of boilers to be used and the pressure 
to be maintained will be determined by the contractors and 
notified to the commission at the beginning of the trial. The 
fires will be worked under natural draft. The cut-off will be 
determined by the contractors, but must remain constant during 
the whole trial. The coal consumption during this six-hour 
trial must not exceed 850 grammes (1.874 pounds per I.H.P. per 
hour. If it exceeds 850 grammes, the contractors will be under 
a penalty of 1,6co francs for each gramme in excess. If it 
exceeds 950 grammes the machinery may be rejected. 

If it is less than 850 grammes there will be a premium of 
1,600 francs for each gramme below. 

6th. Various supplementary trials. Besides the trials above 
specified, the commission may make any supplementary trials 
they may deem desirable, with either forced or natural draft, and 
with the engines working together or separately, in order to de- 
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termine the results which it is possible to obtain in the various 
cases, all of which trials shall be made without any additional 
compensation to the contractors. 

During these trials the contractors will be responsible for the 
good working of the machinery, but whatever the results ob- 
tained, there shall be no penalty. 

7th. Conditions applicable to all the trials. In the different 
trials the throttle valves will be wide open. The cut-off will be 
regulated to the degree necessary to obtain the desired power, 
and the boiler stop valves will not be partially closed unless this 
is found to be absolutely necessary to prevent foaming. 

The mean revolutions during the trials will be deduced from 
the observations made at the counter and clock of each engine 
at the beginning and end of each trial, taking account, if neces- 
sary, of the errors in the clocks used. 

During the trials the vessels must, as nearly as possible, be 
steered in a straight line, and the helm will be used as little as 
possible. When it is necessary to change the course, it will be 
done to a curve of a large radius. 

In each of the trials for power and coal consumption, indicator 
cards will be taken every twenty minutes, from each of the cylin- 
ders of the main engines and air and circulating pumps, and at 
the same moment the number of revolutions of each engine will 
be noted. 

The commission will not be required to take indicator cards 
from the other auxiliaries ; it will determine previously the horse 
power of each of these engines for various speeds on the trial, 
and will take as the horse power developed the figure corres- 
ponding to the mean revolutions, as obtained from the counter 
attached to each engine during this trial. 

To determine the total horse power developed during the trial, 
it will be calculated from the various observations obtained, based 
on the mean revolutions, throwing out such observations as are 
manifestly erroneous. In making this determination, the power 
will be assumed to vary according to the following exponent of 
the revolutions: For the main engines and the blowers, as the 
cubes of the revolutions ; for the other auxiliaries, directly as the 
revolutions. 
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The horse power required by the contract will consist of the 
sum of the powers developed by the cylinders of the following 
machines: the two main engines, the two engines for the air and 
circulating pumps, the eight feed pumps in the fire rooms, and 
the two engine-room ventilators. 

No account will be taken of the power developed by the steam 
jet in the chimney during the forced-draft trials. 

In the trials for coal consumption the total amount of coal 
burned will be measured with the utmost care. In determining 
the premiums and penalties for excess or deficiency of power or 
coal consumption, no account will be taken of fractions of a horse 
power or of a gramme of coal. 

In all trials, and until the vessel is received by the Govern- 
ment, the contractors are responsible for the machinery, and are 
to execute all the manceuvres and trials demanded by the com- 
mission and the officers on board. ; 

During the trials the steam for the starting engines, bilge 
pumps, ash hoists, dynamos and other auxiliary engines, whose 
employment will be only what is absolutely necessary, will be 
furnished from the main boilers. 

Account will be taken in the calculations for coal consump- 
tion of the amount of coal required for these small engines, but 
the horse power developed by these engines will not be taken 
into account in calculating the contract horse power of the 
motive machinery. 


In discussing this matter of high speeds it is very natural that 
comparisons should be instituted between the performance of 
our war vessels and of the fast steamers in the merchant service, 
and at the very outset it is important to recognize that the ves- 
sels of the merchant service possess an inherent advantage over 
war vessels from their greater size. It has long been known 
that one of the important features for high speed was length, 
and for some years past the fastest vessels of the merchant ser- 
vice have all exceeded 500 feet in length, while it has been a 
rare thing for a war vessel to attain a length of even 400 feet, 


which is the length of the Columbia. Besides this, there is an 
4 


= 
= 
- 
— 
al 
a 


TRIAL TRIPS, ETC. 


50 


absolute economy of propulsion due to mere size. This is ex- 
pressed scientifically in what is known as Froude’s law of com- 
parison, which was also expressed somewhat differently, but to 
the same effect, earlier by a distinguished French naval architect 
named Reech. Some years ago the late Mr. William Denny, a 
most progressive and capable English naval architect, in lec- 
turing on this point of the size of vessels, expressed this law in 
familiar language, as follows: 

“What Mr. Froude discovers amounts to this: That for vessels 
of the same proportionate dimensions and of the same form, or, 
as we say, of the same lines, there are speeds appropriate to these 
vessels which vary as the square root of the ratio of their dimen- 
sions, and that at these appropriate speeds the resistance will vary 
as the cubes of these dimensions. This seems at first sight a 
very complex statement, but a simple illustration will show you 
better the meaning of it than any amount of exposition. Sup- 
posing we had two steamers of the same form, the one 100 feet 
in length, 10 feet in breadth and drawing 5 feet of water; the 
other 400 feet in length, 40 feet in breadth and drawing 20 feet 
of water. Then the ratio of the dimensions of the larger steamer 
to that of the smaller one would be as 4to 1. This will be ap- 
parent when you notice that the length, the breadth and the 
draught of water of the smaller steamer is in each case one-fourth 
of the length, the breadth and the draught of water of the larger 
steamer. What Mr. Froude would have predicted of these two 
steamers is that if the speed of the smaller steamer were 10 knots, 
then the similar appropriate speed of the larger steamer would 
be 20 knots, because the square root of 4, which is the ratio of 
their dimensions, is 2, making the appropriate speed of the larger 
steamer twice that of the smaller one. At these speeds Mr. 
Froude proved that the resistance would be as the cube of the 
steamer’s dimensions, which means practically that the resistance 
would vary as the displacement of the two steamers; there- 
fore, by making the one steamer four times as long as the other, 
keeping the form and proportions otherwise the same, you could 
double the speed of the larger steamer without having any more 
resistance per ton of her weight than in the smaller steamer. 


a 
: 


TRIAL TRIPS, ETC. 51 
This law shows us further that the resistance of the large steamer 
at the same speed as the smaller one would be per ton of her 
displacement, or total weight, very much decreased. Thus in the 
same type of steamer, by simply increasing all the dimensions 
proportionately, the same speed can be obtained with much less 
resistance per ton of weight driven through the water; then, since 
the speed remains unchanged, much less expenditure of horse 
power, and consequently much less expenditure of coal per ton 
of weight driven. Judging from one case which I have taken, 
the resistance per ton of displacement at 10 knots of the 400- 
foot steamer, would be only one tenth of the resistance per ton 
of displacement of the 100-foot steamer. (That is, 10 tons of 
displacement of the larger steamer could be driven for the same 
power at the same speed as one ton of the smaller steamer.)” 
The importance of this point will be noticed in comparing, for 
example, our Co/umdia with the fast Cunard steamers Campania 
and Lucania. Her displacement on trial was about 7,350 tons, 
while their displacement is 18,000. As already seen from the 
quotation is regard to Froude’s law, the power required to drive 
a ton is less for the larger vessel, so that to secure the same 
speed there would be a smaller power in proportion to the size 
of the ship. It is to be noted, also, that in any vessel the struc- 
tural requirements of the hull require a certain amount of weight, 
so that the proportion of the total displacement which can be 
given up to machinery and coal is limited. The Co/umbia made’ 
nearly 23 knots on about 18,000 horse power, while the Cam- 
pania and Lucania are said to have made 22 knots on nearly 
30,000 horse power. In the one case we have more than two 
horse power per ton of displacement, or, to be exact, 2.45, while 
in the other we have only 1.66. The space available in the war 
vessel being much less than in the merchantman, we are com- 
pelled to adopt types of machinery and boilers which are less 
economical than those which can be fitted to the merchant ves- 
sel, and the amount of coal which can be carried is enormously 
less in proportion. The coal bunkers of the Campania will carry 
3,500 tons, and the coal expenditure at full power (25,000 I.H.P.) 
is about 500 tons per day, while in the Co/umbia at full power 
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21,000 I.H.P.) the coal expenditure would be about 520 tons 
per day. As the bunker capacity of the Co/umdia, even when 
she is loaded down to her deep draught and displaces 8,600 tons, 
is only 2,000 tons, it can be readily seen why long-distance steam- 
ing at full power is out of the question. 

In connection with the comparison of speeds between war 
vessels and fast merchant steamers one very important fact is to 
be remembered. The speed for the war vessel is the actual 
; speed through the water, the effect of current being eliminated. 
On the other hand, the speed of the merchant vessel is the dis- 
tance made in a given time with no allowance made for current. 
Now, it is worth noting that the phenomenal speeds of the fast 
Atlantic steamers are always made on the western trips, and the 
big days’ runs always in the same part of the trip. For about 
two days of the western trip, there is a favoring current which 
amounts, at times, to as much as a knot an hour, and it is for 
this portion that the big speeds are made. Had the Co/umbia’s 
trial consisted of a run over this locality, her already remarkable 
speed would have been still more so. 

It has already been stated that the type of engines and boilers 
in use in the merchant service give greater economy of fuel than 
those which we are compelled to use in war vessels. This matter 

was discussed very fully by the Engineer-in-Chief in one of his 
reports a few years ago, and was also touched upon by Professor 

‘Hollis, and as the matter is highly interesting and also tends to 
clear up a matter which is not always well understood by those 
who have not had time to investigate it carefully, I shall here 
quote from the Engineer-in-Chief’s report. His remarks are as 
follows : 

“While on this subject of coal economy, it may not be amiss 
to say a few words to clear up an impression, which seems to 
exist to some extent, that our vessels are decidedly uneconomical 
as compared with those of the merchant marine in ordinary 
cruising, and it is pointed out that our vessels need re-coaling 
after short runs, while the merchant steamers make long con- 
tinuous voyages. It is frankly admitted that our machinery is 
not as economical, but from the nature of things it cannot be. 


TRIAL TRIPS, ETC. 53 


The circumstances. of the two services are entirely dissimilar. 
The economical merchantman has small engines and boilers for 
a large hull, while our ships have powerful machinery for small 
hulls. This machinery must be built to develop the maximum 
power which will ever be required, while ordinary cruising is 
done at a fraction of this power, a circumstance which is inimical 
to economy. 

“An interesting comparison of the conditions of the two cases 
is furnished by the Baltimore of our own Navy and a merchant 
steamer called the /ova, which have about the same displace- 
ment, 4,450 tons. The Baltimore's machinery develops 10,000 
1.H.P.; that of the Jona 700 I.H.P. The Baltimore has room for 
only 17,000 square feet of heating surface in her boilers, with a 
ratio to grate surface of less than 30, while for the /ona the figures 
are 3,160 and 75. The /onxa works always at full power and 
secures a speed of 84 knots; for this same speed the Ba/imore 
would require more power on account of the friction of the enor- 
mously larger engines. But the great economy is in the boilers. 
With the enormous amount of heating surface for the power 
developed, the /ona can evaporate 10.5 pounds of water per pound 
of coal, while the Baltimore probably does not exceed 8 pounds. 
The Baltimore's boilers weigh 490 tons for 10,000 I.H.P., and the 
/ona’s 122 tons for 700 1.H.P. Were the Baltimore's boilers built 
for economy instead of power on the same ratio as the /ona’s, 
they would weigh 1,743 tons, or nearly twice as much as the 
entire machinery of the Baltimore does. The comparison was 
made between these two ships purposely, because they are sup- 
posed to be of the best English design. 

“In other words, economical machinery means heavy machin- 
ery taking up much room; but the power required in swift war 
vessels of moderate size is so great that to make the machinery 
both powerful and economical the whole ship would have to be 
given up to it. As the great requisite in our ships is powerful, 
but light machinery, economy must, of necessity, be sacrificed.” 

There has always been a tendency to underestimate the ex- 
penditure of coal per horse power, and the unfortunate mistake 
was made in this respect when compound engines were first. 
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introduced into our service. The old simple engines had been 
in use so long that their coal expenditure was pretty well known, 
and the bunker capacity was made proportionate to this expendi- 
ture. Published reports of the economy of compound engines 
were such as to lead to the anticipation of a degree of reduction 
in the coal consumption by the use of compound engines, which 
was not realized in practice; but the bunker capacity was cut 
down to this supposed economy, and the result was that there 
were very few of our ships fitted with compound engines which 
carried more than a week’s steaming at full power. When the 
triple expansion engine was introduced this mistake was not 
made, because our engineers, from the experience in the case of 
the compound engine, were prepared to discount the claims of 
economy which were advanced for the triple expansion engine; 
but the amount of space which could be devoted to coal bunkers 
was in any case limited, and was made as great as it could be 
consistent with other requirements. Unfortunately, however, in 
the first estimates of radius of action, which were made by some 
of the officials of the Department, the figures for coal consump- 
tion were based on the statements of what had been done in the 
merchant service, and were very much lower than has been found 
to be the case in actual practice. Engineer-in-Chief Melville be- 
lieved that the figures which were so often given were erroneous, 
and finally succeeded in having the coal accurately measured on 
several of our ships when tried at full power under forced draft, 
and it was found that so far from the coal expenditure being only 
from 1.6 to 2 pounds per horse power, it was actually from 2.4 to 
2.8 pounds per horse power. This, of course, makes an enormous 
difference in the radius of action. A similar mistake was made 
in the estimates for low powers, so that, in the case of the Co/umdéia, 
her radius of action at 10 knots, instead of being, as repeatedly 
published, 25,000 knots, is really only 11,000 to 12,000 knots. 
The quotation from the report of the Engineer-in-Chief shows 
very clearly why there is this great difference in coal consump- 
tion, and that it is thoroughly understood and recognized by our 
designers, although it is impossible to avoid under the conditions 
of the naval service. The comparison which he makes between 
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the economical merchantman and the Ba/timore, and the showing 
of the weight of machinery which would be required to secure 
the same economy, demonstrate conclusively why we must be 
content with less efficiency than obtains in the merchant service. 

This leads to a suggestion by the Engineer-in-Chief, made in 
a paper which he read last fall before the Society of Naval 
Architects and Marine Engineers, for what he called an economi- 
cal peace cruiser. It really seems as though naval designers all 
over the world have lost sight of the essential features in the 
design of unarmored vessels in the craze to secure high speed. 
A vessel of the Gunboat class, like the Yorktown, Concord or 
Bennington, or even our 2,000-tonners, the Montgomery, Marble- 
Acad and Detroit, cannot possibly be armored heavily enough to 
stand up and fight against a vessel with even a very small battery. 
The maximum speed which it is possible to give them will not 
enable them to capture any of the very fast and very valuable 
merchant vessels, added to which is the fact that these fast mer- 
chant vessels have just as strong scantlings as these unarmored 
gunboats, and are now, in almost every case, built with the view 
to conversion into armed cruisers in time of war. They could 
actually with safety mount a heavier battery than these gunboats, 
and, being very much faster, could choose their position in an 
action and speedily put the smaller vessels hors de combat. The 
speed which these small vessels do possess is very much more 
than is necessary to overtake and capture nine-tenths of all the 
steam vessels afloat, and, of course, much more than sufficient to 
capture every sailing vessel. 

It would seem, therefore, that they are overpowered and over- 
speeded. When the Advisory Board was in existence and the 
four Roach cruisers were designed, they considered this matter 
very carefully, and in designing the Boston and Atlanta deliber- 
ately planned them as what would now be considered rather 
slow vessels. 

What seems to be needed in time of peace for a cruising vessel 
is one which shall be economical in her coal consumption, and 
with large bunker capacity, so that she can keep the sea for a 
long time without the necessity of recoaling. Vessels of the 
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Concord class give up somewhere in the neighborhood of 400 
tons to machinery of all kinds, and have a bunker capacity of 
about 400 tons. This is doing very well for vessels of only 1,700 
or 1,800 tons displacement. The maximum speed is about 17 
knots. It would seem that a more useful ship in time of peace, 
and this is the one proposed by the Engineer-in-Chief, would 
be a vessel of about 2,500 tons displacement, with machinery of 
about 1,400 or 1,500 horse power as a maximum under forced 
draft. When the machinery is so low in power in proportion to the 
size of the vessel, it would be possible to give proportionately 
greater weight per horse power than now obtains, and to design 
both engines and boilers for greater economy under ordinary 
service. The speed corresponding to full power would probably 
be about 12 knots, and when the machinery was working at its 
most economical rate, the speed would be between g and 10 
knots, and the horse power about 800. With weight of machin- 
ery so much reduced, and taking the figures for weight of coal 
and machinery allowed in the 2,000-tonners, 875 tons, we would 
be able to allow for a bunker capacity of about 700 tons, which 
would give the vessel at the economical rate of steaming a radius 
of action of 10,500 miles, which is more than twice as great as 
the radius of action of any of the gunboats and smaller cruisers 
that we now have. 

Although not properly coming under the engineering lectures, 
it may be added in connection with such a vessel that she should 
certainly be sheathed. If we had dry docks all over the world, 
as England has, it might not be a matter of so much importance, 
although it is to be noted that in all the recent English vessels a 
considerable portion of them are sheathed, so as to enable them 
to make long cruises on stations where dry docks are not readily 
accessible. It seems the height of absurdity to make calculations 
based on the performance of clean bottoms, when it is positively 
certain that a very short time out of dock will render the bottoms. 
so foul that the power necessary to secure the same speed will 
be very materially increased. The Navy Department has taken 
hold of this matter, however, and the three small gunboats which 
are now building at Newport News would have been sheathed 
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or composite, had it not been for an unfortunate circumstance 
that the bill which appropriated for them spoke of them as steel 
gunboats. The law officers of the Government construed this to 
be a rigid requirement, and although the Navy Department was 
anxious to secure the benefits of sheathing, the legal interpretation 
compelled the building of all steel boats. It is probably very 
safe to say that our next gunboats or small cruisers will certainly 
be sheathed. 


Lecture V.—PracticaL Hints IN CONNECTION WITH THE 
“ PROBLEM.” 


The scope of these lectures as mapped out by the President 
of the college includes a consideration of certain points connected 
with the “ problem”, which is the central idea in the whole work 
of the college this summer, and some attention will now be paid 
to these features. 

The first point is the effect of ramming on the machinery ot 
the vessel taking the offensive. 

With regard to this, it may be said that there seems to be a 
prevalent idea that, when one vessel rams another, the attacking 
vessel is almost sure to damage her own machinery unless special 
precautions have been taken to prevent its displacement. Upon 
hasty inspection this view may seem reasonable, but careful study 
will show that it is extremely unlikely that any damage would 
be done. It is not the case of the irresistible force striking the 
immovable obstacle, because from the very nature of things the 
ramming vessel is expected to penetrate the hull of the other 
some distance, and the impact of so much energy would un- 
doubtedly move the rammed vessel some distance. The result 
is that the effect is somewhat analogous to that of brakes on a 
railroad train in bringing the speed from a high figure down to 
a low one in a comparatively short time, but it is far from being 
the instantaneous annihilation of the stored up energy. Then, 
too, it must be remembered that in modern vessels, at least, the 
machinery is very carefully and firmly secured to its founda- 
tions, to withstand the stresses tending to cause movement which 
come about when a vessel is tossed about in a rough sea. 
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However, there are a great many instances on record to show 
definitely what will occur, and thus save us the trouble of deal- 
ing with the question entirely on theoretical grounds, and I may 
mention the case of the Sassacus ramming the A/éermarle, which 
has recently been described by Passed Assistant Engineer Ben- 
nett in ‘‘ The United Service.” Here it is stated that the speed 
of the Sassacus was about 11 knots, and that her bronze stem 
was driven several feet into the timber belt of the A/dermarle ; 
all this without dislodging the machinery or injuring it in any 
way. In the harbor of Bahia, in 1864, when the Wachusett un- 
dertook to, and did capture the Florida, it was the intention of 
Captain Collins to ram the Florida. The engines were driven at 
full force, and the ramming attack would undoubtedly have been 
successful but for the fact that in some way one of the anchors 
got adrift and was dragged along for some time before it was 
noticed. Finally the anchor chains broke, and then, when the 
Wachusett struck, she was no longer dragging the anchor, but her 
speed had been checked so much that in the short distance re- 
maining the speed probably did not get above four or five knots. 
Notwithstanding this, however, she cut into the side of the Florida 
from some 18 inches below the water line clear up to the spar 
deck, her bow cutting in at the level of the spar deck about four 
feet. There was no damage to the machinery here. 

A notable instance of unintentional ramming is that which 
happened in 1879 to the fast merchant steamer Arizona when 
she ran into an iceberg in a fog off the banks of Newfoundland. 
The extent of the damage done to her bow and the force with 
which she struck is so well set out in an account given of the 
occurrence in “ Engineering” that I quote from it as follows: 

“After making the before mentioned fast passages, the Arizona 
had become quite a favorite with passengers, when her career was 
temporarily interrupted by an untoward accident which occurred 
in mid ocean through collision with an iceberg, on the evening 
of November 7, 1879. 

“When the collision took place the vessel was steaming at 
about 14 knots an hour at night, and without the least warning, 
without even, so far as appears, the engines being stopped, ran 
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full tilt against the iceberg, and so sustained the damage shown 
in theengraving. The bows were utterly crushed up for a length 
of about 26 feet at the upper part, the fracture extending to about 
14 feet below the water line. We have no desire to discuss here 
the question who was to blame for so untoward an accident, but 
sufficient is known of the collision and its results to show that 
the vessel, with all on board, had one of the narrowest escapes 
on record from going to the bottom of the ocean. 

“We have heard of small vessels ramming icebergs without 
suffering much injury, but is is no discredit to the Arizona that 
her bows gave way, for no ship ever built approaching her size 
could hope to ram an iceberg at 14 knots speed without crush- 
ing in the bows. It is, however, very much to her credit, and to 
the credit of her builders, that having met with such an accident 
she should still have kept afloat and have been capable of reach- 
' ing a port of safety. There can be little doubt that had the 
vessel not been very strongly and faithfully built, with material 
and workmanship of the highest quality, she could never have 
kept water tight after such a fearful blow. It is often objected 
that merchant ships are very insufficiently subdivided into water 
tight compartments, and this is perhaps to some extent true, 
although there are strong practical reasons, as may be imagined, 
for the present wide prevailing practice in this respect. There 
is one bulkhead, however, that is fortunately never neglected, 
and that is one forward, termed ominously the collision bulk- 
head, generally situated from, say, 20 feet to 30 feet abaft the 
bow. Its integrity saved the Arizona, as it has saved hundreds 
of other iron vessels after less serious, or at any rate less heavy 
collisions. The proper position for this bulkhead is often a 
matter of discussion, and there can be no doubt the lesson taught 
by the Avizona’s accident is in favor of keeping it well away 
from the stem so as to allow the whole force of the collision to 
expend itself on the fore side of this water tight bulkhead. 

“In the case of which we have just been speaking the whole 
energy of the blow had to be absorded either by the bow of the 
vessel or the iceberg, or both. The softer the sides of the ice- 
berg the more work it would absorb, and the less would fall upon 
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the ship. Taking the Arzzona at a displacement roughly of 9,000 
tons, moving at a speed of 24 feet per second, the energy of the 
blow would amount to about 80,000 foot tons; or, supposing all 
the work to be absorbed by the ship, it would represent a resist- 
ance of something like 3,000 tons for every foot of the bow 
crushed up, a force sufficient to cause rupture in 150 square 
inches of iron if uniformly distributed. Of course, in cases of 
collision, the force of the blow cannot be uniformly distributed, 
and it is impossible to do more than judge of the nature of the 
blow by the results produced. 

“An idea of the strength of the Arizona's bow may be gathered 
from the following facts: The stem is of solid wrought iron, 9 
inches by 54 inches; the plating, which is }2 inch and 43 inch on 
alternate strakes, is at the bow ;% inch and 49 inch thick alter- 
nately. There are, as we have already said, two iron decks ex- 
tending the whole length, besides other strengthening at the bow - 
in the way of frames, stringers and breasthooks. The collision 
bulkhead is 7% of an inch thick, and about its rigidity and water 
tightness there can be no doubt after the test it has been put to. 
An examination of the vessel and her machinery was made imme- 
diately after the accident, when it was found that she showed 
not the slightest trace of leakage in any part, wile the machinery 
was as perfect as before; consequently she was quite seaworthy, 
notwithstanding the damage she had sustained. At the time of 
the accident the vessel was bound for Liverpool, but after a con- 
sultation with the passengers it was considered advisable to steer 
for St. John’s, Newfoundland, where the passengers were trans- 
ferred to another steamer. Before the Arizona left St. John’s her 
bow was temporarily repaired, after which she steamed home to 
Liverpool with the whole of her cargo on board, meeting with 
rather heavy weather during the voyage.” 

Inasmuch as the Arizona was able to steam across to Europe 
after simply repairing the damage to her bows it is quite evident 
that no damage was done to the machinery. 

An instance which will remain vivid in the minds of naval 
men for many years is the sad collision between the Victoria 
and the Camperdown, in which the latter was the ramming vessel. 
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"A brief account of the disaster was published in the “Iron Age” 
of New York in its issue of August 17, 1893, written by Captain 
Cooper Kirton of Valetta, Malta. He says: 

“The Camperdown's ram struck the Victoria nearly at right 
angles, say about 80 degrees, and cut nearly into her middle line 
just as if she had been made of cheese. So much for ramming. 
The feeling aboard the Camperdown was as if they were cutting 
into a soft sand bank. There was no jar felt, and the engines 
worked afterward as if nothing had happened. The damage to 
Camperdown was, stem 15 by 5 feet broken short off above the 
ram and turned to port 18 degrees; upper part of stem crushed 
in making an opening about 15 feet long by 10 or 11 feet wide; 
the plates on port side were crumpled up like paper. This side 
suffered most, a large hole, 9 by 10 feet, being ripped out, com- 
mencing at break of stem and running aft just above the pro- 
tective deck. The frames showed the effects of the first blow and 
subsequent dragging clear, and were twisted out of recognition. 
The ram was practically uninjured and could have rammed 
another vessel. It was all wrought work, no casting, and ad- 
mirably strengthened by heavy horizontal ram plates. 

“The defect in bows and rams as at present constructed is 
that they are supposed to ram and rip up a vessel under water, 
the bow above not being affected, instead of which a vessel built 
for ramming cuts into another so easily that she never stops un- 
til choked off by the crushing up of her own top sides. Nothing, 
not even the strongest ironclad that was ever built, could with- 
stand ramming. The thickest armor would be simply driven in.” 

Another interesting case is also an accidental collision where 
a Yarrow torpedo boat, while on a trial trip, ran into a barge 
loaded with wheat, owing to a defect in the steering gear which 
prevented the vessel’s course being controlled. A description 
of this accident, together with a cut showing the damage, to 
the torpedo boat, appeared in “ Engineering” of January 20, 1893, 
from which the following extract is taken: _ 

“A clutch had worked back without its being noticed, and 
the consequence was the steerman lost all control, and, before 
the engines could be got to fairly astern, we ran, stem on, at 
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about 18 knots speed, into a large wooden sailing barge, loaded 
with over 100 tons of wheat, at anchor just above the Lower 
Hope Point beacon. 

“Our stem cut deep into the fore part of the barge, just for- 
ward of the mast. The bargees got into their boat, and our 
engines were put full speed astern to disengage us, for the anchor 
of the barge held her so firmly that we could not push her on 
the shore, although this was only 80 yards distance. The sink- 
ing barge was so firmly fixed to our stem that she was pulling 
our bow into the water and lifting our stern so much that our 
propeller was only skimming the water, and we were helplessly 
gripped by the nose like a bull bya bulldog. To make matters 
worse, the strong ebb tide acting on our side, twisted our stem 
completely round to port, at right angles, tearing our plates 
open as far as the second bulkhead. For a short time it seemed 
as if nothing could save us, when the barge heeled suddenly 
right over to port, tore herself clear of the wreckage of our 
bows, and sunk in some 20 feet of water, still held by her anchor. 

“As soon as we were released from the weight of the barge, 
our bows came up and our propeller gripped the water. We 
then steamed ahead to clear some vessels at anchor below us. 
We now found that the third bulkhead from forward was quite 
water tight, and by trimming all our ballast right aft we got the 
wreckage of our stem sufficiently out of the water to enable us 
to secure it by means of chains etc.; for, until we had done this, 
it would not have been safe to steam ahead; indeed our cut- 
water, being all twisted over to port, acted like a bow rudder 
and prevented us steering properly. An hour’s work in haul- 
ing up the torn plates of our bow enabled us once more to 
obtain steering control. Engines, boilers and steam pipes were 
not at all injured, and we steamed home without aid at the rate of 
quite ten or twelve knots per hour, arriving late, but all safe, at the 
works at Poplar. 

“Tt might have been expected that such a collision would have 
shifted the machinery and broken some of the steam joints, but such, 
it will be seen, was not the case. On account of the lightness of 
the scantling of the bow, no solid resistance was presented to 
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cause the stoppage of the boat, the momentum being gradually 
taken up, as it were, by a buffer. The scantling of the hull 
was of the strength customary in Messrs. Yarrow’s boats, and, 
although this may appear exceedingly light, it has been found 
sufficient in this case to withstand the stress of a voyage to Aus- 
tralia, the vessel in question arriving there some months ago 
without a rivet leaking.” 

These cases, it would seem, ought to satisfy us beyond doubt 
that with well built machinery properly secured for ordinary 
purposes no apprehension need be felt that the machinery will 
be dislodged, steam pipes disconnected, or anything of that sort 
in case of ramming, so that a commanding officer can undertake 
this manceuvre with perfect confidence as far as this aspect of 
the case is concerned. 

Lest it may occur to some that the recent experience with 
the Marion in the typhoon off the China coast when on her 
way home may seem to cast doubt on what has just been said, 
inasmuch as her boilers shifted during the typhoon, it may be 
remarked that this was due simply to the fact that the vessel is 
very old, and the timbers to which the boilers are secured had 
become rotten, so that in the violent shaking up which they 
received the fastenings worked loose in the rotten wood. In 
our new vessels, built of steel, and with all precautions taken for 
securing the machinery properly, such a case could never occur. 

Another point proposed for discussion is the effect of a shot 
penetrating one of the boilers or part of the steam pipe. With 
regard to this matter there is a good deal of uncertainty as to 
just how extensive the damage would be, as it would depend very 
largely upon the size of the rent made in the boiler. A clean 
hole that was not of very great size, would simply act as a safety 
valve and permit the steam to rush out without causing the explo- 
sion of the boilers; but if such a thing should occur as a shell 
exploding just against the side of the boiler so as to cause a large 
rent it would, in all probability, cause the explosion of the boiler 
itself, and in the confined space of the vessel’s hold, the proba- 
bility is that the explosion of a single large boiler would cause 
the explosion of all the others and the destruction of the vessel. 
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It may be well at this point to say a few words with regard to 
the rationale of boiler explosions. It is now generally admitted 
that the great destruction attendant upon a boiler explosion is 
due not so much to the steam in the boiler as to water. When 
from any cause a rupture in a boiler of sufficient size is produced 
to rapidly liberate a large quantity of steam, the water, which is 
already heated up to the same temperature as the steam, has 
sufficient heat stored in it to turn into steam of a lower pressure, 
and the result is that the whole mass of water becomes steam 
with great rapidity, devoloping a large amount of kinetic energy 
which completes the destruction already started, and where room 
exists frequently hurls portions of the boiler great distances. It 
will be seen, therefore, that the nature of the destruction will 
depend almost entirely upon the size of the initial rupture or 
perforation. When the hole made is not too large, the effect 
will be very much the same as if the safety valve had been en- 
tirely blown off, and the steam already formed, and that generated 
from the heated water, were discharged rapidly but without fur- 
ther injury to the boiler or machinery except as noticed further 
on; whereas, if a very large rupture is made, it will be sufficient 
to liberate the steam formed from the heated water with such 
rapidity as to permit of the generation of the kinetic energy 
necessary to cause intense destruction. 

As showing the general explanation of boiler explosions it 
may be mentioned that in 1892 there was an accident on the 
Dupuy de Lome, of the French navy, in which several men were 
scalded. The notices which appeared in the daily papers in this 
country with regard to this accident reported that the head of 
one of the boilers had been blown completely off. Commenting 
on this the “Journal of the American Society of Naval Engi- 
neers” says: “The first press reports received in this country 
were as wild as well could be. They stated that the head of 
one of the boilers had blown off, but engineers knew, of course, 
that this was absurd, as such a rupture would probably have 
caused the explosion of all the boilers and the complete wreck 
of the vessel.” 

It may also be stated that the mysterious disappearance of 
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some vessels had been attributed to a disastrous boiler explo- 
sion. Within the last year the fine steamer NVaronic, of the White 
Star line, left England on a trip to this country and was never 
heard of again. As she was not in the track of icebergs, it 
hardly seems possible that she could have been lost in that way, 
and as there were no survivors to give an explanation, it has been 
thought possible that in some way which is inexplicable the boil- 
ers exploded and caused the complete destruction of the ship. 

One thing, however, is entirely certain with regard to the dam- 
age of a boiler when the perforation is of any size greater than a 
square inch in area, and that is that the outrush of steam would 
scald or suffocate everybody in the compartment. In old fash- 
ioned ships, where there were no protective decks nor water- 
tight bulkheads, a slight rupture on the upper part of a boiler 
might discharge the steam through the hatch and the persons in 
the immediate vicinity might escape; but with a boiler enclosed 
in a box not very much larger than itself there would be no 
escape for anybody. This will be very clear from a few quota- 
tions which will be made in considering the matter of the rup- 
ture of a steam pipe. 

In this case the probability is that the damage would be con- 
fined to killing the people in the compartment, as even a com- 
plete severance of the pipe would hardly ever make an opening 
large enough to discharge the steam with sufficient rapidity to 
cause the explosions of the boilers. 

We have, unfortunately, had one case of a ruptured steam pipe 
in our own Navy. Early in June, of 1891, while the Concord 
was at sea off the capes of the Chesapeake for a trial under the 
inspection board, her main steam pipe was burst for a length of 
about 28 inches by a water ram, while at the after end there 
was a circumferential rip about 7 inches long. This corner was 
thrown out so as to permit a very free discharge of the steam, 
and it entirely filled the compartment in which the two forward 
boilers were placed, scalding and instantly killing two firemen 
who were on duty there at the time. From an inves.igation of 
the circumstances of the case made by the Enginee -in-Chief, it 
appears that this rupture of the steam pipe was unddubtedly due 
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to what is known as water hammer, in consequence of the pipe 
not having drains of sufficient size. The accident occurred just 
as the two forward boilers were being connected to the two after 
ones, under which the vessel had been steaming; and besides 
emphasizing the importance of proper drains it also calls atten- 
tion to the fact that when changes of this sort are to be made 
there should always be ample time. The accident on the Con- 
cord was not caused by hurry, but in case it were necessary to 
connect additional boilers, if it were done in a hurry there might 
be danger of a similar accident, owing to lack of sufficient time 
to have the drainage properly attended to. 

An accident similar to that on the Coxcord occurred in Decem- 
ber, 1890, on board the English mail steamer /wmna, and caused 
the death of seven men. 

The most disastrous accident of this kind, however, which has 
occurred for some time was that which took place on the 16th 
of February of this year on board the German battle ship 
Brandenburg. UHere 45 men were killed. The “Journal of the 
American Society of Naval Engineers” gives the following brief 
account of the accident : 

“The magnitude of the catastrophe can be better understood 
by a short statement of the arrangement of her steam pipes. In 
the main steam pipe in each engine room there is a separator, 
and between the separator and high pressure steam chest a length 
of copper piping of about Io feet, one end of which is fastened 
to a stop valve on the separator and the other in a stuffing box 
slip joint attached to the stop valve on the steam chest. The 
stop valve on the separator broke short off close to the flange, 
thus giving a full opening to the escape of steam from the 12 
boilers. The door between the two engine rooms was open so 
that the steam filled both, and of the men in them thirty-nine were 
killed outsight, and nine so badly injured that six of them died 
subsequently.” 

It has been stated that a rupture to a steam pipe would prob- 
ably not injure the boilers, but this was meant in the sense that 
there woulc, be no explosion. In case the water in the boilers 
at the time o: the rupture was not very high, and the boilers were 
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working under strong forced draft with very heavy fires, the re- 
sult of such an accident might be serious damage to the heating 
surfaces of the boiler, due to the rapid generation of steam leav- 
ing them uncovered and exposed to the intense heat of the 
fires under forced draft. With the ductile material now used 
for heating surfaces, it is probable that the damage would consist 
mainly in collapse of portions of the combustion chamber and 
of injury due to overheating, but probably with rupture. In the 
case of the Concord, it was impossible to get into the forward fire 
room for about two hours after the accident occurred, so that it 
is impossible to say just how rapidly the water fell. An exam- 
ination made as soon as practicable showed that the water had 
fallen about 15 inches below the top of the combustion chamber 
leaving exposed five rows of tubes. The fire side of the upper 
furnace showed a red and rusty appearance, and there was no 
sign of overheating or bulging. The boilers were subsequently 
tested carefully at the New York Navy Yard, but showed no 
signs of injury. In this case, however, the boilers were not work- 
ing under forced draft, and it seems likely that the steam, which 
entirely filled the fire room, entirely excluded the oxygen neces- 
sary for the combustion of the coal, so that the fires were dead- 
ened, and thus prevented from injuring the heated surfaces. 

It is impossible, of course, to say just what should be done, 
because each case would probably require a different treatment, 
but in general the object should be to shut off the injured boiler 
or pipe from connection with the other parts under pressure, so 
that after the steam contained in the injured part is discharged 
no more will enter it. In all of our new vessels are fitted what 
- are called self-closing stop valves specially designed to shut off 
the boiler in case of accident. They have to be lifted from their 
seats in order to give an opening, and when the pressure is 
normal throughout the steam system they will remain open, but 
when from any cause the pressure in the boiler falls below that 
in the rest of the system the valve will close of itself. Where 
these self-closing valves are not fitted, the valve stems should be 
fitted with spindles leading above the deck over the boilers, so 
that, in case of accident, the valves could be shut from there. 
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It goes without saying, of course, that, as soon as practicable, fires 
should be hauled from the injured boiler; or, if it is praticable 
to stay in the fire room, the fires can be deadened by a stream of 
water from the fire hose. 

Attention has already been called to the advantages of coil 
boilers in their immunity from disastrous explosion, and this 
may be again mentioned. As far as the aspect of the case under 
consideration, where the explosion would be caused by a pro- 
jectile, is concerned, one of these boilers would probably be very 
seriously damaged, as a shell would probably wreck a large 
number of the tubes; but, as has already been pointed out, the 
amount of water contained in a tubulous boiler is very small, 
and while there might be enough to scald the people in the 
immediate neighborhood, there could be no such disaster as has 
already been mentioned in the case of the Concord and Bran- 
denburg. 

The possibilities of liquid fuel are to be considered in this 
lecture according to the program, but little additional need be 
said, as the matter has already been discussed in a previous lec- 
ture. It was there mentioned that as far as the mechanical 
difficulties in the way of burning liquid fuel were concerned, there 
need be no doubt of its feasibility, and that the real obstacle in 
the way is cost. In case of war cost would naturally become a 
secondary consideration, and it seems probable that it would be 
advantageous to use it on torpedo boats, and to provide facilities 
for using liquid fuel in addition to coal on the larger vessels. 
The liquid fuel could be regarded on the large vessels as an 
emergency fuel, so that it would not be used up rapidly, and the 
torpedo boats would not use a very large amount, so that it 
would be practicable to have the tanks for its storage compara- 
tively small, and simply to bring it up as needed. 

Even with liquid fuel adopted for torpedo boats and used as 
an emergency fuel for the larger vessels, the main dependence 
would have to be placed on coal, and the question of its quick 
delivery to the fleet is important. This is a matter, of course, 
rather outside the scope of these lectures, for the purchase and 
transportation of the coal would have to be attended to by the 
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Bureau of Supplies, while other Bureaus might be involved in 
its storage and handling before being placed on board ship. In 
this, as in so many other things, much depends on how much 
time there would be after there was a prospect of war before its 
actual declaration. It would seem that if sufficient time was al- 
lowed, the best plan would be to erect a regular coaling trestle 
at New London, such as is used for coaling merchant steamers 
in many of our large ports. Provision could be made in this 
way for coaling a number of vessels at the same time, and cer- 
tainly in the most expeditious way as far as getting the coal on 
board ship. As has been repeatedly pointed out, the speed of 
coaling ship in modern vessels depends a great deal more on the 
complexity of the bunkers and the manner of stowing it than 
on the question of getting it on board. It would probably be 
necessary, however, in addition to the coaling trestle to have 
colliers to supply such of the vessels as could not be spared to 
come to the trestle, and here the main point would be to have 
ample derrick capacity so that the speed with which the coal 
could be delivered would at least equal the speed with which it 
could be stowed. 

With regard to the coaling of fires while in action, the course 
to be pursued would depend on circumstances. If the engage- 
ment were in the nature of a formal duel, where no long time 
elapsed from the readiness to go ahead at full speed until the 
action began, the best plan would be to have as much coal on 
the fire room floors as possible without interfering with the work 
of the men, and the lower bunkers well supplied. This latter, 
of course, could be done long before going into action, so that 
the coal would be as readily accessible as possible. If the action 
came at the end of a chase of long duration the probabilities are 
that it would be entirely a question of getting the coal out of the 
bunkers. Inasmuch as there are always bunkers which are more 
readily accessible from the fire rooms than others, it would be 
perfectly natural, and would occur to everybody, that these 
bunkers should be filled up before the chase began; in fact, it 
would seem that it would be an important part of keeping the 
ship in readiness for action to have the coal trimmed constantly, 
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so that the bunkers nearest the fire room should always be 
kept full. 

Economy of fuel may be an important question, not so much 
from its cost as from the loss of time involved in going to get 
fresh supplies. The proper course to be pursued will depend on 

‘the condition in which the Commander-in-Chief desires to keep 
the fleet. As telegraphic and other means of announcing the 
movement of the hostile fleet will undoubtedly exist, so that a 
complete surprise would be impossible, and as probably an hour 
could be allowed for getting steam up to full power, the best 
course would seem to be with cylindrical boilers to keep heavy 
banked fires in enough of the boilers so that the vessel could be 
got under way and making a speed of, say, 10 or 11 knots in 15 
or 20 minutes. In the other boilers the water should be kept 
hot by the use of the hydrokineters, so that the only time re- 
quired would be to get the fires burning brightly. As this would 
not take over an hour, fires need not be banked in these extra 
boilers, if that much time can be allowed. 

If coil boilers are fitted, as the water in them is so small in 
amount that the time necessary to generate steam will not exceed 
the time required to get the fires into good condition, banked 
fires need only be kept in enough to make 10 knots at short 
notice, while in the others the water can be left cold and the fires 
laid, so that steam could be raised as soon:as the fires were in 
good condition. 

This would be one of the advantages of the use of oil fuel, 
because it would simply be necessary to keep steam in a few 
boilers so that the hydrokineters could be worked on all, and 
the liquid fuel could be started burning shortly after the coal had 
been started in the boilers whose fires were out, so that steam 
would be raised more quickly than where dependence was had 
on coal altogether, and not so many boilers would have to be 
kept under banked fires. 

Where both liquid fuel and coil boilers were used, as in tor- 
pedo boats, it would be possible to raise steam in a very short 
time, so that if half an hour’s notice could be given at any time 
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before steam were wanted it would not be necessary to keep fires 
lighted at all. 

As the boilers should be supplied with fresh water at all times, 
and as they are supposed, from the conditions of the problem, to 
be within easy touch of the base of supplies at all times, it would 
seem that the cheapest way of furnishing water necessary to 
replace losses would be simply to have a few tank steamers with 
powerful pumps, which could go around the fleet and supply the 
needs of the various vessels. 

The outline of the course of study calls for a discussion of 
floating workshops or repair ships. Although the idea of build- 
ing and equipping ships for this particular duty is very recent, 
the use of repair ships is by no means new. During our civil 
war there were repair ships at the headquarters of each blockad- 
ing squadron. They were usually hulks or sailing vessels, which 
remained at anchor. They had an outfit of tools and mechanics 
which enabled any repairs, except those to very heavy parts of 
the machinery, to be made on the station. While these were very 
useful in the special case of blockade, they would be of compar- 
atively little service under modern conditions. The need for 
such repair ships, however, especially for a fleet operating in for- 
eign waters, is so evident that several countries have provided 
repair ships designed to accompany a fleet anywhere, and also 
do regular cruising duty. It is probably safe to say that where- 
ever a fleet has to operate at more than a hundred miles from a 
repair yard a repair ship will be useful, while for service abroad 
it is essential. 

It would seem that under the conditions of the problem, where 
our vessels are to be at home and not far from New London, 
the repair ships would not play so important a part as in a fleet 
operating in foreign waters. It would, in fact, not be much of 
a trip to New York to make extensive repairs, while it would 
not take long to fit out the station at New London, so that most 
repairs should be made there. A repair ship, however, would 
be very useful in supplying a large number of skilled workmen, 
who would have nothing to do except to repair work, while the 
mechanics on board the fighting ship would have a great deal 
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of their time taken up in standing watch; and, moreover, the 
tools on board the repair ship would be vastly more numerous 
and of sizes appropriate to doing many kinds of work for which 
the small tools in the workshops of the regular ships would not 
be capable. 

During the Chilian excitement in 1892 our own Government, 
realizing the importance of being prepared to make repairs to 
our vessels in case of war, made provision for fitting out several 
repair ships, and work was actually begun towards transforming 
the steamer Ofzo of the Inman Line into a repair ship. The 
matter had been carefully considered, and the list of tools which 
were to be placed on board made out, together with all the fit- 
tings. As this will doubtless be of interest to all officers, I have 
copied the list for the Ofio, which is as follows: 


MACHINIST’S, 


1 lathe, gap, 40 inches swing, 20 feet centers. 

2 lathes, 30 inches swing, 10 feet centers. 

Each of the above to be fitted with boring bar with traveling 
head. 

4 lathes, 18 inches swing, 6 feet centers. 

1 lathe, 12 inches swing, 4 feet centers. 

1 lathe, monitor, small. 

1 planer, to take 4 feet square, 10 feet travel. 

2 planers, to take 3 feet square, 5 feet travel. 

1 shaper, 24 inches stroke. 

1 shaper, 14 inches stroke. 

1 shaper, 10 inches stroke. 

1 radial drill, to drill at 48 inches from side of column. 

2 drill presses, 3-inch spindle, to drill up to 13-inch holes, 12 
inches vertical movement. 

2 drill presses, 2-inch spindle, to drill up to 1-inch holes, 12 
inches vertical movement. 

1 bolt-cutting machine, with standard taps and dies, to cut 
from 4 inch to 2 inches, varying by +, inch. 

1 pipe-threading machine, to cut from 4 inch to 4 inches, with 
pipe taps and dies of standard sizes. 
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A complete set of cutting tools, dogs, chucks, angle plates, 
clamps, etc., for each power tool, together with all attachments 
and fitttings complete, including counter shafts, pulleys, etc. 

200 feet 24-inch shafting in 10-feet lengths, with universal 
couplings and short hangers for each length. 

2 driving pulleys of each of the following sizes for power tool, 
to fit shafting and be ready to be slipped in place thereon: 20, 
18, 14 and 12 inches diameter. 

75 feet 12-inch double belting. 

250 feet 6-inch single belting. 

1,300 feet 4-inch single belting. ¢ All to be oak-tanned leather. 

1,000 feet 3-inch single belting. 

12 sides lace leather. 

1 emery wheel tool-grinder, 18 inches diameter and 2 inches 
face, fitted complete with all attachments, pulleys, etc. 

2 grindstones, coarse, 50 inches diameter and 8 inches face, to 
run in cast-iron troughs, fitted complete with all attachments, 
pulleys, etc. 

MOULDER’S. 


I 36-inch cupola of most improved design, to melt 3,c00 pounds 
metal at each tapping; to be set up on shore. A blower and 
engine to furnish blast ; hoist, piping and fittings complete. 

I furnace, iron-lined, with fire brick, to take three 100-pound 
crucibles, funnel about 12 inches diameter. 

3 sets crucible tongs, 1 set for each size of crucible. 

50 crucibles of 50 pounds capacity. 

50 crucibles of 100 pounds capacity. 

3 crucible bearers for each size crucible. 

3 complete sets of moulder’s tools. 


COPPERSMITH’S. 


1 brazing forge, with two circular and one long fire, for blast 
to be built up in light iron and lined with fire brick. 

1 set of tools, including shears, stakes, hammers, beck irons, 
blocks. 

3 tinsmith’s furnaces, with soldering irons, pots, etc. 
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BLACKSMITH’S. 


1 open-hearth forge, 5 feet in diameter, with cowl and 12-inch 
funnel, to be built up of brick and iron, used for heavy forging 
or flange turning, to be fitted for power blast. 

2 forges, with power blast, to weld 4 inches square (16 square © 
inches). 

2 forges, portable, with hand blowers to weld 2 inches square. 

1 Sturtevant pressure blower, to be driven by engine attached ; 
a quantity of 3-inch and 2-inch light iron pipe for leading blasts. 

3 portable hand blowers, 14-inch fans, driven by levers. 

6 Eagle anvils, with blocks, two of 150 pounds, two of 180 
pounds, and two of 200 pounds. 

1 complete set of forge tools with each forge. 

1 surfacing plate. 

6 swedge blocks, 200 pounds each. 

1 welding block, about 6 inches square and 4 feet long, with 
three grooved sides, the grooves 2-inch, 3-inch and 4-inch die. 

12 hand hammers. 

6 flogging hammers. 

6 sledges: two 6 pounds, two 8 pounds, two 12 pounds. 


BOILERMAKER’S. 


50 boilermaker’s kits, to include hammers, chisels, caulking 
tools, drift pins, reamers, scrapers, etc. 

12 sets riveting hammers: 8 sets straight pene, 4 sets ball pene. 

12 sets roller expanders, from 14-inch to 3-inch, varying } inch. 

1 power punch and shears, single machines, 15-inch throat, to 
punch 1 inch in $-inch plate and shear 15 inches by { inch. 

1 set hand rolls, to be set on upper deck, rolls to be 6 inches 
diameter by 6 feet long. 

6 rivet heating forges. 

1 dozen boilersmaker’s ratchets, short, with square shank- 
drills. 

50 each of the following sizes of square shank drills: }-inch, 
g-inch, ?-inch and $-inch. 
6 tube cutters, to cut from 14-inch to 3-inch tubes. 
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t dozen flogging hammers, 4 pounds. 

1 dozen sledges, 8 pounds. 

6 clubs and sledges, for holding on. 

‘6 screw punches. 

I steam engine, vertical, double cylinder, of 50 horse-power. 

4 6,000-gallon evaporators No. 5, Type B. 

4 No. 6, distilling apparatus sufficient for above. 

Feed pump, capacity 30 gallons per minute. 

Circulating pump, capacity 600 gallons per minute. 

1 blower No. 4, 32 by 25 by 33h. 

3 exhausts No. 5, 38 by 30 by 37h. 

If the problem had been the design of a repair ship to be built 
especially for that purpose, other tools would have been fitted. 
There was not sufficient time to make any important changes in 
the hull, so that tools whose use would have required special 
strengthening of the hull were omitted. 

It is to be noted also that the list just given is of the tools and 
outfit required for repairing machinery only. Additional tools 
were to be fitted for hull work, although, of course, many of the 
tools mentioned would have been used for repair work of all kinds. 

In the English navy the Vz/can has been fitted out as a repair 
ship for service with fleets in foreign waters. She is 350 feet 
between perpendiculars, 58 feet beam, and has a displacement of 
6,630 tons at 23 feet mean draught. She has a bunker capacity 
of 1,000 tons, and machinery of 12,000 horse power, which is 
expected to give her a speed of about 20 knots, the idea being 
that she would not only serve as a repair ship, but could be 
used for scouting purposes, and also for offensive movements. 
In a description of her recently printed it is stated: “She is 
intended to accompany a fleet to sea, to form a depot for supply- 
ing mining and countermining stores, electrical gear, Whitehead 
torpedoes, etc., to assist in the work of laying out mines or fish- 
ing them up, as occasion may require, as well as forming a school 
of instruction for this kind of work in times of peace. She is 
also fitted with a factory for executing repairs to torpedo gear 
and boats, and to such ships of war as are not provided with the 
means of performing their own repairs. 
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“In the workshop there are five lathes of various sizes, from 
15-feet bed and g-inch centers down to 3 feet 6-inch beds and 
6-inch centers; 2 drilling machines, planing, slotting, shaping 
and punching machines, and circular saw bench, a carpenter’s 
bench, fitters’ benches, and a Fletcher’s air furnace capable of 
melting down two hundred weight of scrap steel in two hours. 
In the blacksmith shop, on the upper deck, is a powerful 
hydraulic forging press, a large forge fitted with Root’s blower 
and steam blast, and also a coppersmith’s forge and pipe-bending 
machine, together with a complete set of tools.” 

In the French navy, the Foudre is a torpedo boat and repair 
ship somewhat smaller than the Vudcan. She has a displacement 
of 5,970 tons, and with 11,400 I. H. P. is expected to make I9 
knots. She has eight 3.9-inch, four 2.5-inch, and four 1.8-inch 
quick firing Canet guns, and five torpedo ejectors. She will carry 
ten second-class torpedo boats. No list of her tools is available. 

The Austrians have also a repair ship in the Pelican of about 
3,000 tons’ displacemeut, which has made about 18 knots with 
4,800 I.H.P. The machinery is by Schichau. 

In 1887, the transatlantic liner America was purchased by 
Italy for a torpedo depot and repair ship. She has a displace- 
ment of 9,550 tons on 26 feet mean draught, and compound 
engines of 9,000 I.H.P. which are said to have given a speed of 
18.5 knots. She has a bunker capacity of 1,550 tons. Her 
large size gives unusual facilities as a store ship. Late reports 
state that she had been found very useful. 

As will be seen from the outfit for the O/zo, it would be pos- 
sible to do any lathe work required except for large shafting, 
and any planer work that would be required by anything short 
of a complete smash up of some ship’s machinery. Almost any 
castings which would be needed, short of such a disaster, could 
be made, and the thousand and one small repairs which are ordi- 
narily made at a Navy Yard could be just as well made on board 
the repair ship. 

There can be little doubt that, in future naval wars, every fleet 
which operates away from its own coast will have one or more 
of these repair ships as an important part. 
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It may not be amiss to add a few words in regard to a point 
which affects coal economy, and also the comfort and peace of 
mind of the people in the engineer’s force, which is variation in 
speed. It must be remembered that steam boilers are not like a 
spirited horse, which can be held in hand ready for any effort up 
to the maximum, but that when everything is urged to the utmost 
the steam must be disposed of in some way. Of course, in time 
of action, it goes without saying that everything must be kept at 
the top notch, and everybody connected with the machinery pre- 
pared to execute instantaneously any order that comes. Besides 
the objection to blowing off steam through the safety valves, that 
it makes a great noise, it is also very wasteful of fresh water, and 
for this reason all our modern ships are provided with what are 
called bleeder valves, so that the steam can be sent directly from 
the main steam pipe to the condenser when the engines are not 
in use or are not being worked sufficiently fast to take care of all 
the steam. At the same time, this is rather hard service on the 
condensers, and it ought not to be done except when absolutely 
necessary, as is the case in action. 

Now, in squadron manceuvres, or in time of peace when there 
is no emergency, if it is to be required that the engines shall be 
ready to respond to a call through a great range of speeds, it 
will be necessary to keep up steam on a considerable number of 
boilers,and when the machinery is working at moderate powers 
a great deal of coal will be wasted simply in generating steam 
which is thrown into the condensers. A given number of boilers 
will supply the power for some particular speed as a maximum, 
and, if the average speed is fixed somewhat below this, there is 
then a margin for some increase without giving any particular 
trouble, as it will take only a short time to build up the fires 
enough to give the full power required. 

The point is, then, that the Commander-in-Chief in the case of 
squadron manceuvres, or the commanding officer in the case of 
a single ship, ought to inform himself as to the amount of power 
and the number of boilers required for various speeds, and then 
set the speed, which will be the normal, at such a figure as will 
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obviate the necessity of keeping steam up on some boilers simply 
for reserve power. 

In an earlier lecture it was remarked, in connection with the 
care of boilers, that the chief engineer should be notified in ample 
time before steam will no longer be needed; and it may be stated 
now that the highest efficiency in the use of machinery will fol- 
low when the commanding officer is perfectly frank with the 
chief engineer and tells him, as far as he can, just what will be 
required of the machinery, so that he can make the necessary 
arrangements. All this would undoubtedly occur to any com- 
manding officer who would stop to think about it, but might not 
always occur to him that a speed which he would fix would be 
just beyond the capacity, say, of two boilers out of four, while 
very much within the capacity of three. A little consultation 
with the chief engineer would enable the best results to be 
obtained. 
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TESTS OF THE BOILERS OF THE STEAM YACHT 
WILD DUCK. 


By Proressor Ira N. Hottis, HARVARD UNIVERSITY. 


The accompanying statement of the results of four tests of 
Belleville boilers in use on this coast is given to the Society on 
account of its bearing upon the much discussed subject of Scotch 
and tubulous boilers. The tests were undertaken for the Atlan- 
tic Works of East Boston, at the suggestion of Mr. John M. 
Forbes, the owner of the Yacht Wild Duck, on which the tests 
were made. 

The yacht was built by this firm in 1891, after the design of 
Mr. Edward Burgess. She was completed early in July of that 
year, and had her acceptance trial on July 13th. The main 
engine was designed and built by the Atlantic Works, upon 
specifications of Mr. Miers Coryell, and the boilers built at the 
Belleville Works, St. Denis, France, and imported complete for 
the vessel. There are two main boilers, and one auxiliary boiler, 
which had thus been in use four and one-half years. It is 
remarkable, as stated by the owner and the chief engineer, that 
they have required no special care, and have cost nothing for 
repairs during this time. An examination of the tubes and 
junction boxes discloses very little deterioration. There seems 
to be no reason why the boilers should not last as long again 
without repairs. It is this satisfactory record which calls atten- 
tion to these, and renders a study of their economic features 
desirable. 

The following brief description of the vessel, machinery and 
boilers may be of interest before going into the data of the trial. 


DESCRIPTION OF THE YACHT. 
The principal dimensions of the hull are as follows: 
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Depth from top of keel to deck, feet and inches......... 12-6 


The yacht is schooner rigged, with two masts, 108 feet and 
96 feet high respectively. During the winter of 1893, sponsons 
about 75 feet long, were added on each side to increase the 
width of the deck about 45 inches in its widest part. 


MACHINERY. 


The main engines were designed for about 400 I.H.P. when 
running at the highest speed with 200 pounds initial steam pres- 
sure. They are of the vertical inverted triple expansion type, 
with cylinders 10, 14} and 28} inches in diameter, and piston 
stroke of 18 inches. The piston rods are 2} inches in diameter, 
and the shaft 5% inches. The H.P. and I.P. cylinders have 
piston valves, and the L.P. cylinder has a slide valve, all worked 
by eccentrics and the Stephenson link. There is no separate cut 
off. The throttle is an ordinary balanced poppet valve. The 
propeller is of the feathering type, with two blades that may be 
set fore-and-aft behind the stern post from the shaft alley. The 
diameter is 6 feet, the blade surface 7.78 square feet, and the 
pitch variable from 0 to 7 feet. There is a steam reversing en- 
gine on the starboard side of the bed plate. The condenser, 
located on the port side, forms part of the cylinder support, as 
is common with merchant ships. It is of the ordinary surface 
condensing type, with cooling surface of 605 square feet. The 
combined air and circulating pump is placed along side of the 
condenser. Both pumps are horizontal, driven by a steam cylin- 
der placed forward, with the air pump aft, and the circulating 
pump in the middle, all three pistons being on a continuous 
piston rod. The steam cylinder is 8 inches in diameter; the 
circulating pump Io inches, and the air pump I0 inches, with a 
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common piston stroke of 12 inches. The condensed steam is 
delivered into a filter tank 42 inches long by 24 inches broad 
and 36 inches deep. The engine room is 10 feet 6 inches by 
the entire breadth of the vessel. 


BOILERS. 


The details of the two main boilers are exactly like those of 
the Shearwater’s boiler, with a few exceptions. The report of 
the Chief of Bureau of Steam Engineering for 1888 contains a 
description of this boiler, and a repetition, beyond what is re- 
quired to understand the tests, does not seem necessary. There 
are seven elements instead of eight, and the grate surface is 
reduced in each boiler. Two figures, showing a later construc- 
tion by the Atlantic Works, are added for the benefit of those 
who have not a clear idea of the Belleville boiler. Figure 1 
represents the front and side views of the entire boiler, while 
figure 2 shows the method of making the joints at the top and 
bottom of the elements. The parts lettered are as follows: 
Steam drum. 

Circulation or feed return pipe. 

Mud drum. 

Feed water collector from end of steam drum. 
Feed water collector from middle of steam drum. 
Gauge glass column. 

Attachment of gauge glass column to elements. 
Regulating feed cock. 

Steam stop valve. 

Bottom blow cock. 

Back end of furnace. 

Roller supporting elements. 

Boiler casing. 

Feed collector for elements. 

Chemise packing for securing elements. 

Lower tube box. . 
Intermediate tube boxes. 

Upper tube box, showing upper fastening. 

Bolts securing elements. 
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The feed water is taken into the steam drum, where it is heated 
to the temperature of saturated steam at a very high pressure; 
thence it passes down the circulation pipe to the mud drum, 
where it is supposed to deposit a large percentage of its im- 
purities ; thence to the feed collector, and into the tubulous 
elements, from which it passes into the steam drum in the form 
of a mixture of steam and water. The circulation is not depend- 
ent upon convection, but is determined by the height of water 
in the circulation pipe above that in the tubes. A fuller state- 
ment of what probably takes place inside of the tubes is given 
later. A few of the dimensions are here repeated to save refer- 
ence to the Bureau’s report of 1888: 


Number of tubes in each 16 
Inside diameter of tubes, 1 lower row, 3015 
Length of tubes and junction boxes over all, 
Breadth of nest of tubes, inches... 70. 
Height of nest of tubes, inches............ sees se 50. 
Dimensions of feed collector, outside, inches............. § DY § 


Diameter of circulation pipe, inside, 3-54 
Length of mud drum, inches......... 35 
Grate bars of cast iron, 3} inches wide at top, | Ys Sal wide at hentenn, by 48 
inches deep, spaced $ inch apart. 
Distance of grate below tubes, front end, 


back end, inches ............ 
ash pan below grate, front end, inches...... 16 


Ares of grate surface, 2 boiler, square fect... 
water heating surface, 1 boiler, square 451 
steam heating surface, 1 boiler, square feet........ aneeen 270 
heating surface, total, 1 boiler, square feet....., 
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Cross section of circulating pipe, square inCheS.. 

tubes, lower row, square inches...... 54-53 

Projected area between tubes, square feet.,......+. 6.46 

Height of upper end of circulation pipe above normal water level in boiler, 


The outside dimensions of each boiler over casing and fire 
brick, are 80 inches long by 92 inches wide, by 10 feet from the 
ash pan to the extreme top of the steam drum. The fire room 
runs athwartship between the engines and boilers. The whole 
floor space occupied by the two boilers and fire room is 16 feet 
8 inches by 13 feet 11 inches, which includes a center board 
between the boilers. The volume of a rectangular box entirely 
covering one boiler, its casing and steam drum, would be 511 
cubic feet, or 17.9 cubic feet per square foot of grate surface. 

The boiler attachments are the same as those in the Shearwater, 
with the addition of a large separator common to both boilers. 
This separator has an inside diameter of 13? inches by a length 
of 78 inches. It is provided with an automatic drain into the 
condenser, designed to operate from a float inside the separator. 
The feed inlet is only 0.29 inch in diameter, requiring, therefore, 
a feed velocity of 27 feet per second. It is probable that the 
feed water enters the steam drum in the form of spray. The 
main steam pipe is 3 inches diameter at the engine, 3.35 inches 
diameter at the separator, and 2% inches internal diameter from 
each drum, being only 14 inches in the nipple forming the exit 
from the drum. The steam, therefore, leaves the boiler with a 
velocity of 130 feet per second. 

It is to be regretted that the weight of the boilers could not 
be obtained. 
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AUXILIARIES. 


A small auxiliary boiler of the Belleville type is placed in the 
fire room. It is used for distilling, and as a make up of fresh 
water for the main boilers. Salt water is freely used in it with- 
out serious or even troublesome consequences. Its principal 
dimensions are as follows: 


Number of el ts soe 5 
Heating surface, square feet. ...... esses ove 
Space occupied per square foot of grate surface, cubic 25.8 


The following auxiliaries are fitted in the engine room: 

Two feed pumps. 

One bilge pump. 

One Baird’s evaporator. 

One distiller. 

One evaporator feed pump. 

One distiller pump. 

Two dynamo engines. 

The feed pumps are of the Belleville type, 10} inches and 62 
inches by 7 inches stroke. 

There are two fresh water tanks forward of the boilers, holding 
1,850 gallons. 

As stated above, the steam trials here reported were made at 
the suggestion of Mr. Forbes, but the yacht could be spared for 
only a few days at the end of the season, and there was no time 
for any long trips at sea, or for any great preparation. The 
boilers were taken just as they would be found after two or 
three days’ steaming, without cleaning the tubes either inside or 
outside. To exhibit the various qualities of the boilers as fully 
as possible in the short time at our disposal, four trials were run: 
1st. An efficiency trial at the dock under natural draft; 2d. 
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An efficiency trial at sea under natural draft, with both boilers 
fired moderately; 3d. A forced draft trial at the dock, with 
one boiler fired to burn about 30 pounds of coal per square foot 
of grate surface; 4th. A trial at the dock under natural draft 
with one boiler, using salt feed. 

In all these cases the engines were run to use all the steam 
made by the boilers. The firemen were instructed to carry 220 
pounds pressure on the boilers (the safety valves being set at that 
pressure), and the reducing valve was set to reduce the steam to 
175 pounds for the engine. It will be noticed that these pressures 
were not maintained throughout with regularity, as the firing 
was not good. 

On the first three runs the coal and feed water were carefully 
weighed, and all data affecting the behavior of the boilers were 
kept half-hourly. While the engines were run to use up steam, 
indicator cards were taken only as a check on the results, and 
as a matter of general interest. Every precaution was followed 
to secure substantially accurate results. All joints in the suction 
of the feed pump were blanked, and a separate suction run to 
the filter tank. The feed delivery pipe led direct to the boilers, 
with a short branch connected with an auxiliary feed pump. 
Any leak through this branch would have gone back to the 
suction side of the pump, and joints were therefore not blanked. 
The joints of the bottom blows were broken and blanks put in. 
The separator drains were all closed, and the pipe leading to the 
condenser disconnected. The separator was blown from time 
to time into a barrel located in the port fire room, where the water 
was gauged. Before the forced draft trial took place, the 
gauge glass of the separator was graduated by weighing the 
water out, so that the weight of water could be determined at 
once by differences of height in the glass. 

The delivery of the air pump was led into a barrel placed be- 
hind the condenser, and a small steam pump carried the feed 
water up to two barrels placed on platform scales alongside of 
the main cylinders. These barrels were filled alternately, their 
weights recorded, and the water was run down into the filter box, 
from which it was pumped to the boilers. The suction of the 
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small pump above referred to had also a make up connection 
with the ship’s tanks. The only possible error of the record was 
either a mistake in entering the weights, or the running over of 
the filter tank. The tank was closely watched, and only once, in 
the second trial, did it run over, and the amount was insignificant 
compared with the total feed for the run. 

The coal was weighed in buckets from spring balances placed 
in each fire room. A tally was kept as the coal was placed on 
the floor, and the time of weighing was recorded. 

A separating calorimeter was fitted to the steam pipe above 
the separator, and a throttling calorimeter between the reducing 
valve and the engine stop valve. The records were taken from 
these instruments about once an hour, but the indications of 
moisture were too small to be reliable. It will be noticed that 
in all cases the thermometer at the engine stop valve indicated 
superheat, while the throttling calorimeter showed from o to 
1.50 per cent. moisture. The small amount of water collected 
in the separator showed that the boiler gave nearly dry steam 
even when forced. Inasmuch as the thermometer and steam 
gauges had been tested before use, I am inclined to think that 
steam entering the engine was either superheated slightly, or 
perfectly dry. 

Thermometer cups were placed in the main steam pipe next 
to the engine stop valve; between the reducing valve and the 
separator; between the separator and the boilers; in the pipes 
leading from the mud drums to the feed collectors; in the main 
feed pipe, and in the smoke pipe above the breeching. The 
last named projected about 18 inches into the pipe. The tem- 
peratures of steam in the steam pipe, excepting those next to the 
engine stop valve, are not recorded, as they were substantially 
those of saturated steam. The temperatures of gases in the 
smoke pipe were difficult to obtain. A graduated glass mano- 
meter was used during the first and second trials. The melting 
points of brass and antimony were used as approximations dur- 
ing the forced draft trial The temperatures recorded are 
probably below those actually existing in the stack. 
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In working up the results, tables have been made out for the 
second and third trials, as the data were taken fully, and recorded. 
The first trial is reported in synopsis with the second and third, 
as its half-hourly record presents little variation. 

The fourth trial was conducted for the specific purpose of 
determining the behavior of the boiler using sea water. It is 
therefore given at the end, by itself. 

The following notes on the different trials are added by way 
of explanation: 

First Trial.—This run was made on Friday night, November 
23d, from 7°55 to 11°00, at the dock in New Bedford. Both boilers 
were in use and the engine was running. The trial was started 
by burning the fires down and leaving about 6 inches of hot coals 
on the grate. The water levels in the boilers, filter tank and 
separator were marked. The trial was ended with the fires burned 
down as at the start, and the water levels the same. The ap- 
pended summary, No. 1, gives the results. The evaporation is 
fair for any boiler, but very good in this case, when the small 
ratio of heating surface to grate surface is considered. The dry- 
ness of the steam at the engine isto be remarked. The separating 
calorimeter connected with the pipe above the separator gave no 
indication of moisture. It is impossible to determine the moisture 
in this case, as the throttling calorimeter showed 1.53 per cent., 
while the thermometer near by gave 2 degrees superheat. The 
real value at the engines probably lies between them. The re- 
sults recorded in the table for the moisture at the boiler are 
obtained by working back from the engine for both the above 
results. The drain from the separator amounted to 1.14 per 
cent. The steam pressure varied too much, as the firemen did 
not fire with regularity. 

_ The results of this trial seem to me below the capacity of the 
boilers under good management. The shortness of the trial 
was due to some small joints to be made in preparation for a 
longer run at sea. 

Second Trial._—This trial was conducted at sea in Long Island 
Sound. The yacht left New Bedford at 10 A. M., Saturday, 
November 24th, and returned to the dock at 6:30 A. M., Sunday, 
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November 25th. The trial began at 10°44 A. M., off Sand Spit, 
and continued nineteen hours, while the yacht steamed to 
Stratford Point and back to Sand Spit, which she passed at 5°44 
A.M. The distance run was 192 miles, and the average speed 
was 10.1 miles per hour. 

At 10°44 the fires were hauled completeiy from the grates, and 
new fires were started with a weighed quantity of wood. Theash 
pans were cleaned, and all ashes and clinker were thrown over- 
board. The boilers responded quickly to the new fires, and the 
engines lost very little in speed. Within half an hour they were 
going ahead with throttle valve wide open. The supply of feed 
water was regular, but the firing was too irregular to get even 
the approximate amount of coal burnt per hour, except by taking 
the average for several consecutive hours. The steam pressure 
fluctuated considerably, but the engine ran constantly with the 
throttle wide open, and the boilers gave no trouble whatever. 
At times the men were excited about the feed supply, as the feed 
pumps did not behave well, but the water level did not vary so 
much from an actual variation in the supply, as from differences . 
in the conditions of the fires. With green fires the water dropped 
down in the glass, and with hot fires it rose to the top of the 
glass very quickly. The tubes, however, did not suffer. The 
same dryness of steam was observed as in the first trial, with 
even a greater degree of superheat at the engine. 

The evaporation per pound of coal was low on this run. This, 
I consider, largely due to the firing, although the flame was 
pouring out of the top of the stack during most of the run. To 
show what might have been accomplished by careful firing, I 
have divided the run into two parts with the evaporation set 
opposite each part. The improvement from 5.53 pounds of 
water per pound of coal to 7.40 pounds, was due to coaching 
the firemen. 

The observations of temperature on the stack were discon- 
tinued at 6 P. M., as the glass manometer had melted down. A 
fatality struck the other thermometers, and several records had 
to be discontinued during the last four hours. 

Other data for this run, not shown on the table, are as follows: 
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Indicated horse power H.P. cylinder. 7975 


These results do not take into consideration the steam used 
for the air and circulating pump, the feed pump, the dynamo 
engine and the heaters. The safety valve lifted occasionally, 
and some steam was lost. The trial was ended off Sand Spit 
with the fires very low, but about 200 pounds of coal had to be 
used to work into the dock, where the fires were hauled imme- 
diately, and the ashes weighed. This coal, with the proportion 
of ashes, was subtracted from the totals to give the amounts set 
down in the tables. The appended Table 1 gives the log of this 
run from hour to hour, and the synopsis, column 2, gives the 
average results. 

Third Trial—This run was made at the dock on Tuesday, 
November 27th, with one boiler, to determine the behavior under 
forced draft. The engines were run as in the other trials. A 
small Sturtevant blower was put into the starboard fire room with 
an air duct leading to the ash pan of the port boiler. Mano- 
meters were fitted to indicate air pressures in the duct, ash pan 
and smoke pipe. With a pressure of ;% inch water in the ash 
pan, about 29 pounds of coal were consumed per square foot of 
grate per hour. This was exceeded during the first two hours, 
while the fires were clean. The boiler behaved admirably, and 
the steam was perfectly dry at the engine. Even the throttling 
calorimeter indicated superheating. There was nothing to dis- 
tinguish this trial from the others excepting the amount of coal 
burnt. The limit of 30 pounds per square foot of grate was set 
on account of the risk of fire to the decks. The base of the 
smoke pipe was red hot part of the time. 

It will be noted that the evaporation improved toward the end 
of the run, as the firemen learned to manage the fire under forced 
draft, and the steam ran up from 4.75 to 7.23 pounds per pound 
of coal. Two or three of the joints in the feed collector which 
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had started small leaks were made tight by setting down slightly 
on the chemise packing. The log of the trial is shown in the 
appended Table, No. 2, and the synopsis is given in column 3 of 
Table 3. 

Fourth Trial_—This run was made at the dock on Wednesday, 
November 28th, entirely with the sea water as feed. The boiler 
had been drained on the previous night, and a number of caps 
taken off the tubes for examination. The tubes and mud drum 
were found to be clean and free from scale. The trial, which 
began at 830 A. M. and ended at 5°30 P. M., was planned to 
continue at least twelve hours with saturation kept at 6 by blow- 
ing. The starboard boiler was used, and the engine was run as 
before. The steam was practically dry at the engine, and the 
separator showed very little water. The amount of coal burnt 
per hour was 490 pounds, and the amount of feed water per 
hour (based on the result of the second trial) was about 2,940 
pounds. The feed water was not weighed in this case, as the 
boat had to be cleared of apparatus for Thanksgiving Day. The 
saturation was taken four or five times an hour, in a salinometer 
pot connected with the mud drum. It gradually increased to 4} 
at noon, when it dropped to ? within fifteen minutes, and from that 
hour until 4 o’clock fluctuated from # up to 6, sometimes drop- 
ping down suddenly, at other times going up as quickly. With 
a green fire it seemed to be down; with a hot fire it rose again. 
At 430 P. M. a fusible plug blew out in the second element 
from inboard, but the trial was continued until it was discovered 
that all the tubes of this element, and many others in its neigh- 
borhood, were red hot. The fire was then hauled at 5°30 P. M. 
The saturation had gone upto 7 fora short time after 4 o’clock, 
and the boiler was blown twice before hauling the fire. As a 
check on the results above, the saturation of water drawn direct 
from the mud drum into a bucket was taken, and found to be 
the same as that in the salinometer pot. The saturation of the 
feed water, as taken from overboard, was found to be 1. 

During the whole run, the boiler behaved well, and showed 
no sign of distress even with red hot tubes. After hauling the 
fire, the water was blown out, and a number of caps were taken 
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off the tube boxes. The upper and lower tubes were found to 
be quite clean, but the tubes near the water line, especially those 
of the element which had blown out the fusible plug, were one- 
fourth full of salt. The mud drum was quite clean. The 
conclusion to be drawn from this test is, that the saturation 
varies in the mud drum with the condition of the fires and that 
the scale and salt tend to collect in the tubes near the water 
line. With light fires, probably the steam does not lift much 
water; consequently it leaves the salt behind in the tubes, and 
does not carry it into the steam drum, where it can find its way 
into the down cast or circulating pipe, and be blown out through 
the mud drum. A certain amount of steam condenses to heat 
the feed water, and thus freshens it. If no salt is lifted, this 
freshened sea water goes to the mud drum, and the saturation 
shows very low; but if the salt water is lifted from the tubes by 
forcing the fire, the mud drum shows a high saturation at once. 
The weight of salt pumped into the boiler was about 800 pounds, 
and as the boiler holds about 1200 pounds of water, it is cer- 
tainly remarkable that the salinometer indicated only an average 
of about 3, and never got above 7. Subsequently the boiler 
was filled with fresh water, and the salt dissolved out. The 
boiler suffered no injury. During the test, the boiler pressure 
averaged about 190 pounds, and the steam at engine about 165 
pounds. 

In summing up the results of these trials, I would say that 
the Belleville boilers on the Wild Duck supply practically dry 
steam under all conditions of steaming; that they are easily 
managed, and that either salt or fresh water can be used in them. 
These particular boilers are efficient only when burning very little 
coal, say under 12 pounds. The flame from the fire passes 
direct to the smoke pipe over the tubes, and the heating surface 
does not get the benefit of it. Movable deflectors were orig- 
inally placed among the elements, and the back half of the tubes 
was covered by a piece of sheet iron resting on the top row of 
tubes. Notwithstanding the presence of a few deflectors, and 
the deflecting plates, the coal burnt well up in the smoke pipe 
in all the trials. The cause of this seems to lie in the lowness 
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of the elements made necessary by the design of the boat. The 
tubes above the water line probably act as superheaters, and the 
steam carries very little water into the steam drum under ordi- 
nary circumstances. The circulation is increased materially by 
the column of water in the downcast, the height of which 
probably increases with the demand for feed water in the tubes. 
The temperature of the water entering the feed collector is quite 
remarkable, being nearly that of saturated steam of the same 
pressure. The fire, therefore, has to supply only the latent heat 
to the water on its way through the tubes. The mud drum be- 
comes most efficient through heavy firing when using salt feed, 
as part of the salt water is then forced out of the tubes with the 
steam, and is carried through the downcast with the feed into 
the mud drum, whence it may be blown out. The saturation 
certainly ought to be taken from the elements near the water 
line. 

The numerous attachments or accompaniments of the Belle- 
ville boiler show great ingenuity and careful study. The au- 
tomatic feed of the Wild Duck's boilers did not seem to be 
reliable. The men were jockeying it all the time, and the feed 
was practically regulated by the feed checks near the bottom 
of the boilers. In the hands of a careful water tender, it might 
work well. However, the boilers gave no trouble even with a 
fluctuating water level. They would probably not suffer with 
the water two or three tubes below the gauge glass. 

The separator did its work well, but the automatic drain was 

. leaking, and it had to be shut off. The water was drained from 
time to time by hand. The drainage provided in this case seems 
to me wasteful, as all water is carried to the condenser, when it 
might just as well go to the feed tank where the heat would be 
utilized. 

In conclusion, I will say that the boiler commends itself 
very highly for use in both land and marine service. A few 
changes, mainly in the line of detail rather than in principle, 
would no doubt improve its working. The lowness in evapora- 
tive efficiency shown in the tables, seems to me due to other 
causes than type. The firing was intermittent, and the firemen 
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had been using hard coal up to the time of the trial, when they 
were suddenly shifted to soft coal. Attention has already been 
called to the lowness of the elements made necessary to get the 
boiler below the decks of a shallow vessel. A design, in which 
the breadth of the tube box and grate are much greater than the 
height through the tubes, is very unfavorable to economy. This 
is not a necessary part of the Belleville system, as the elements 
can be made six or eight tubes higher under ordinary circum- 
stances. Few boilers would stand successfully the test of red hot 
tubes, and be ready for work immediately afterward. 
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WATER TUBE BOILERS. 


By Nasor SOtianl. 


[Translated from the “ Rivista Marittima’” August and September, 1894, by Passed 
Assistant Engineer W. F. WorTHINGTON, U. S. Navy.] 


DESCRIPTION AND CLASSIFICATION, 


Take a tube bent back on itself to form a closed curve of any 
shape, fill it partly with water and expose it to a source of heat 
in such a manner that one branch of it is highly heated and the 
other not at all, or only slightly, attach a pump to keep it sup- 
plied with water and a valve at the upper part at the bend, to 
carry off the steam, and we have in this combination the embryo 
of a water tube boiler. Indeed a water tube boiler is nothing 
but a collection of such elements. When the boiler is in oper- 
ation, the water evaporated in that branch of the tube exposed 
to heat rises to the upper part of it, which becomes the steam 
space, while in the cooler branch of the tube there is formed a 
descending current of water which replaces that drawn away. 
The elementary arrangement just outlined, and in which the cir- 
culation takes place naturally, may be said to be characteristic 
of all water tube boilers. There are, it is true, water tube 
boilers differently arranged, and in which the circulation is 
forced by mechanical means. But these are confined to a few 
types only and have been abandoned, forced circulation not be- 
ing well adapted for use in boilers. The description which I 
have given of water tube boilers appears, then, correct, even if it 
is only applicable to those with natural circulation. We may, 
however, embrace all water tube boilers in one definition and 
say: “Water tube boilers are those in which the water to be 
evaporated is contained within the tubes which form the heating 
surface”. Indeed, while in ordinary boilers the water is contained 
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in adarge receptacle, and the hot gases of combustion heat the 
water in contact with the walls of the receptacle, or that which 
passes between tubes, in water tube boilers, on the other hand, 
whether the circulation is natural or forced, the heating tubes 
themselves contain the water and constitute the essential part of 
the boiler; whence the name “ water tube boilers”. 

Water tube boilers came into use both on land and at sea 
later than the other kind. They are, therefore, designed to fill 
requirements which the others were incapable of satisfying. 
What are these? On land, the principal one is to prevent or 
reduce the damage caused by explosions, and at sea to economize 
weight, or to be more precise, they are wanted on war vessels 
to stand continuously and without injury, and to utilize efficiently, 
the high rates of combustion which are attained with forced 
draft, and such as ordinary marine fire tube boilers, whether 
of the cylindrical or locomotive type, can not stand. There 
are other advantages in the use of water tube boilers in war 
vessels, which will be mentioned later, such as the rapidity with 
which steam can be raised and ease of repair on board; but, as 
before remarked, it is essentially their power compared with 
weight and space occupied which has pushed them on in their 
struggle with fire tube boilers, and which will cause them ulti- 
mately to triumph. These are not mere theoretical advantages 
but real and certain ones, known to be such by actual experiment. 

We have seen that a water tube boiler, in its elementary form, 
‘is composed of a system of tubes forming a closed circuit, in one 
branch of which, that exposed to the fire, is formed an ascend- 
ing current of water in a state of ebullition, in the other a 
descending current of cold, or at least cooler, water going to 
take the place of the other. But it is not necessary that, for 
every ascending tube, there shall be a corresponding descending 
one ; indeed, it is, and should be, otherwise, a few descending 
tubes being sufficient, and even a single one may suffice, pro- 
vided it is large enough to supply all the ascending tubes, which 
should generally be numerous and of small diameter, in order to 
have greater heating surface in proportion to volume and weight. 
Similarly, it is not necessary or desirable that there be as many 
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steam drums as tubes, but just the other way, a single steam 
drum of suitable capacity being generally sufficient, and well 
adapted to serve the purpose. 

This process of natural selection has led to the general adop- 
tion of two drums, a lower and an upper one, united by a nest of 
tubes of small diameter, which form the ascending branch of the 
boiler, and of one large tube, or a few tubes of lesser diameter, 
forming together the descending branch. The upper drum is 
the steam space and the lower the water space. 

From the nature of the case, water tube boilers are susceptible 
of most varied forms, and at present there are almost as many 
forms in use or designed as there are possible combinations of 
the tubes and drums which form their elements. Naturally, all 
of these are not good, and some that are good for certain pur- 
poses are not so for others. 

To examine all of these types would be a long and tiresome 
task, so I shall restrict myself to noticing typical boilers, about 
which may be grouped all the others, and give the preference to 
those which are used on shipboard. And, unless the contrary is 
expressly stated, all the boilers referred to must be understood 
to have a natural circulation. 

First Group.— Water tube boilers with straight “sub-horizontal” 
tubes, that is, slightly inclined to the horizontal, arranged in series 
sig-zag.—For the sake of brevity I call “ sub-horizontal” those 
tubes that are slightly inclined, that is, which lie almost hori- 
zontal; and “sub-vertical,” those that are nearly vertical. I shall 
call those tubes “in series” when they are joined one to another 
in such a manner as to form a single tube which extends from 
the water space to the steam space, and “in multiple arc” when 
the tubes are each independent of the other between the water 
space and steam space. 

The Belleville boiler may be considered the type of this 
group. In it, the water space situated at the bottom and in 
front, and the steam space, much larger, above and also at the 
front, are united ; first, by a nest of “serpentines,” each composed 
of straight tubes arranged zig-zag, one after the other, and form- 
ing the heating surface or ascending branch of the boiler; second 


a 
= 
q 
— 
| 
{ 
i 


100 WATER TUBE BOILERS. 


by one tube of large diameter, which forms the descending branch 
and also acts as a separator. 

It is well to note here that the tubes in this boiler, slightly 
inclined to the horizontal, have a rather large diameter (7 to 12 
centimeters outside). Many of the water tube boilers used on 
land may be grouped about the Belleville boiler as a type. But 
the Belleville boiler is used extensively in France on shipboard 
also, especially on war vessels, and the English Admiralty has 
decided to use it on two large cruisers, the Powerful and Terrible, 
of 14,000 tons displacement and 25,000 I.H.P. 

Second group.— Water tube boilers with straight “sub-horizontal” 
tubes, placed parallel (in “ multiple arc’).—The greater number 
of water tube boilers used on land belong to this group. While, 
in the Belleville boiler, the tubes, divided in groups, are united 
“in series” in each group, (that is to say, are arranged one after 
the other in such a way as to form a continuous zig-zag pipe 
running from the water to the steam space) in the type under 
discussion, for example the Babcock and Wilcox boiler, the tubes, 
also sub-horizontal, and arranged in groups, are all parallel to 
each other and connect in “multiple arc” a vertical pipe, which 
forms the descending branch on one side, with another vertical 
pipe situated on the opposite side of the boiler, and which forms 
the means of communication between all the tubes of one group 


-and the steam space. In the Heine boiler, a single lamina of 


water, of a breadth equal to that of the boiler, forms the descend- 
ing branch, and the tubes, all parallel and in a single nest, have 
their origin in the descending branch and terminate at their 
other extremity in another vertical lamina of water, which con- 
nects with the steam space, of which it forms, so to speak, an 
appendage. 

The difference due to arranging the tubes “in series” and in 
“multiple arc” is a very important one practically, and more will 
be said on the subject later. The Heine boiler used on land, is 
found on ship board in the form of the Oriolle, Lagrafel-d’Allest, 
Yarrow with sub-horizontal tubes, and Seaton boiler, all of which 
have straight tubes, slightly inclined and parallel, placed .in 
“multiple arc” between the water and steam space. The Towne 
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boiler also belongs to this group. In it the tubes connect the 
lower part of one lamina of water on one side of the boiler, 
which acts in this part as a water space, with the upper part 
of an equal and symmetrical lamina of water situated on the other 
side and which acts in this part as an appendage to the steam 
space. 

Third Group.— Water tube boilers with curved, submerged tubes. 
—lIn these the water drum or drums, if there are two, situated 
at the bottom, and generally at the sides of the furnace, are con- 
nected with the steam drum, or drums, situated above, by nests of 
heating tubes of small diameter, more or less curved, forming an 
ascending branch, and by one or more pipes of larger size forming 
the descending branch. The heating tubes connect with the 
lowest part of the steam drum, or drums, and therefore remain 
entirely below the level of the water. To this group belong 
the Normand boilers, the White boiler with spiral tubes, and 
the Fleming and Ferguson boilers. 

The Belleville boiler has the straight tubes of each nest joined 
in such a way as to form return bends. If in place of the jointed 
tubes of each nest we substitute a single tube to run from the 
water to the steam, we have another boiler of the same type. 
This is the Du Temple boiler, used so successfully on ships 
and torpedo boats of the French Navy. In the case of the 
single tube, the bend at the turn, being an easy one instead ofa 
sudden one as in the Belleville boiler, the resistance to the 
motion of the fluid is less, and therefore the circulation more 
active. The bends themselves serve to render it more active, as 
this part of the tube is nearly vertical. Indeed, in the Du Temple 
boiler, tubes of small diameter (20 to 30 mm.) can be used with 
much advantage in the way of reducing weight, which would 
not be possible with Belleville boilers. 

Fourth Group—Boilers with curved water tubes which partly 
emerge above the level of the water—These boilers resemble the 
preceding ones, and differ from them only in that the tubes 
join the steam drum at its upper part, and therefore the tubes 
are partially above the water. The difference is important, since 
it influences the circulation and the action of the boiler. To 
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this group belong the Thornycroft, the Mosher, (which is a Thor- 
nycroft boiler with two lateral steam drums instead of one central 
drum) the Cowles and the Ward boiler in shape of a parallelo- 
piped, the tubes having return bends. 

Fifth Group—Water tube boilers with straight “sub-vertical” 
submerged tubes.—These are formed like the preceding ones with 
one or two water drums below and one or two steam drums above, 
connected by straight heating tubes, almost vertical, completely 
submerged ; that is, the tubes join the steam drum at its lowest 
point. To this group belong the Yarrow and Blechynden, which 
latter differs from the former only in that the tubes are slightly 
curved in order to facilitate removing them by enabling them to 
pass through small openings made in the walls of the steam 
drum. 

Sixth Group.— Circular water tube boilers —These boilers have 
the form of a vertical cylinder, circular or elliptical; the heating 
surface is composed of tubes with circular or elliptical section 
“ sub-horizontal,” and united in such a way as to form a number 
of large spirals or segments of spirals, concentric and rising from 
the water to the steam drum. The water drum is sometimes 
annular and forms the exterior base of the boiler; sometimes it 
is central and in the form of a vertical, cylindrical pipe, placed 
in the center, the upper part of which serves asa steam drum; 
in other boilers the lower annular drum and the central one are 
found combined. The segmental tubes are attached at one end 
to the water drum and at the other to the steam drum, as in the 
Morin boiler, or they connect with vertical and horizontal tubes 
which place them in more direct communication with the steam 
space, as in the Ward boiler. The segments may be more or 
less inclined; that is to say, the spiral which they form may 
have a greater or less pitch. The Ward boiler has been found 
very successful on the American war vessel Monterey. The 
grate has a circular or elliptical form, to correspond with that of 
the boiler. 

Seventh Group.—Boilers with Field tubcs——The Field boiler 
is well known. In it the circuit typical of the water tube boiler 
is completed in each element, composed as it is of two tubes, one 
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inside the other. The descending current is formed in the inner 
tube, and the ascending in the outer one. In the Field boiler, 
the tubes are generally placed in a vertical position, hanging 
from the crown of a vertical cylindrical furnace. If the tubes 
are inclined and project from the lamina of water which forms the 
ascending branch ofa Lagrafel-d’Allest boiler, the opposite lamina 
being omitted, we then have the Diirr boiler, much used on land, 
but which has also been used with good results on German war 
vessels. If then, in place of the lamina of water of the Diirr 
boilers, we substitute a number of vertical tubes of suitable form, 
we get the Niclausse boiler, used in France on shipboard, as 
well as on land. Both in the Diirr and in the Niclausse boilers 
.a vertical diaphragm is placed at the upper end of the internal 
tubes to keep separate, in the lamina of water or in the vertical 
tubes, the descending current which enters the internal tubes 
from the ascending current which leaves the external tubes, The 
boilers are so constructed that all the tubes may be easily in- 
spected and repaired. 

Finally, if we take a locomotive boiler, remove the cylindrical 
part in which the tubes are situated, substitute in place of it a 
prolongation of the furnace so as to form a chamber as long as 
the boiler, then attach to the top of this gallery, beyond the 
furnace, a number of Field tubes, we thus get a Kingsley boiler, 
used in America, and which seems to me adapted for use on 
shipboard for auxiliary purposes. 

Eighth Group.— Composite boilers with water and fire tubes.— 
These boilers, strictly speaking, do not belong to the general 
-class of water tube boilers, insofar, that in them there is a de- 
parture from the principle that “all the heating surface is formed 
of tubes filled with water,” but it seems proper to notice them 
here because they are primarily boilers composed entirely of 
tubes, and also because the idea of fire tubes combined with 
water tubes, applied to some of them, is original,and may prove 
to be a good one. The Bartlett boiler belongs to this class. In 
it the water tubes are placed in an inclined position between two 
vertical laminz of water, as in a Lagrafel-d’Allest boiler, and are 
crossed by fire tubes which connect the exterior walls of the 
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laminz of water so as to serve as braces. The Anderson and 
Lyall boilers also belong to this mixed type. 


ANALYSIS OF WATER TUBE BOILERS AND THEIR ACTION. 


Having now reviewed all the various types of boilers insofar as 
relates to their general structure, we will undertake the examina- 
tion of this structure more in detail, in order to learn how the 
parts should be made in order to produce the best form of boiler; 
that is to say, one which will satisfy in the best manner the requi- 
sites of great power, efficiency, durability, facility of repair, etc. 

I shall begin at once by saying that, in my opinion, they are 
all good for use on land. It is only when they are required for 
use on shipboard, and particularly with forced draft, that diffi- 
culties arise. It is then that imperfections are discovered, arising 
either from insufficient circulation, or grate surface, or allowance 
for expansion under the influence of heat, or else arising from 
complication of parts, faulty construction, use of unsuitable 
material, etc. 

Circulation of Water.—\In water tube boilers when in use, there 
naturally arises an energetic circulation, due to an ascending 
current in the tubes highly heated by the furnace, and a descend- 
ing current in the tubes which are heated in a less degree or not 
at all. What is the force which produces it? Many think it 
lies in the difference of weight of the columns of fluid in the 
ascending and the descending branches, the fluid in the former 
being lighter because warmer, and because it is composed of a 
mixture of water and steam. This explanation does not appear 
to be correct, at least in the generality of cases: in fact, neglect- 
ing for the moment the difference of weight due to the difference 
of temperature, and consequently the density of the water itself 
in the two branches, differences which, even though slight, cer- 
tainly constitute a motive force in the sense referred to, I 
cannot understand why the presence of bubbles of steam in one 
branch can be a source of motive power in the mass of liquid; 
not at least while there is sufficient liquid in the tube to allow the 
bubbles to escape freely without breaking the continuity of the 
liquid column throughout its height; that is to say, without 
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altering the static pressure which this column would exert on 
the other branch. 

On the other hand, it will be admitted that the bubble of steam, 
while forcing its way into the liquid mass, tends to communicate 
to the latter its own motion, and thereby start a current in the 
same direction. This is not the case if the bubbles are so copious 
as to form with the liquid a kind of foam which almost com- 
pletely fills the tubes. In this case, the continuity of the liquid 
column no longer exists, and it may then be true, and is so 
approximately, that the motive force of the current is due to the 
difference in weight of the two columns of fluid in the ascending 
and descending branches. In any case, the fact remains that the 
circulation becomes more active in proportion to the quantity of 
heat received by the tubes—that is, in proportion to the activity 
of the combustion. This correlation constitutes one of the 
greatest advantages of water tube boilers with natural circulation, 
since the circulation increases and decreases automatically as 
required, which is not the case where the circulation is forced, 
and where, consequently, it is almost impossible to maintain a 
constant relation between the circulation and the rate of com- 
bustion. This explains the lack of success of boilers with forced 
circulation, and their abandonment. 

From what has been said, it may be argued that the existence 
of water tubes out of contact with the heat, is not strictly neces- 
sary to obtain a circulation, which latter may be started and be 
made amply sufficient without such tubes, since among the water 
tubes exposed to heat there will always be a sufficient number, 
situated at a sufficient distance from the furnace so that the 
heat of the products of combustion will not be able to evapo- 
rate the water in them, or at least not freely. This is the case, 
for example, in the Oriolle, Yarrow and Thornycroft boilers of 
most recent construction, in which the external descending tubes 
are omitted. 

Besides by the rate of combustion, the circulation is influ- 
enced by the diameter, length, kind, form and arrangement of 
the tubes, the condition of their internal surface and the pres- 
sure of steam. By reducing the diameter of the tubes, the area 
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of their inside cross section is diminished much more rapidly 
than their external surface, until a point is reached where the 
heat absorbed by the walls is sufficient to evaporate so large a 
part of the water in the tube as to render the latter incapable 
(because in the form of vapor) of taking any more heat from 
the tube, which is then liable to burn. This point is reached the 
sooner in proportion to the intensity of the heat, and therefore 
in boilers designed to be forced, the diameter of the tubes must 
not go below a certain limit. This limit varies, then, according 
to the form, arrangement, length, material and condition of the 
interior surface of the tube. If the tubes are dirty on the in- 
side, not only is the resistance to circulation greater, but the ab- 
sorbent power of the walls is also less and the tubes more liable 
to burn. If the tubes have many sharp bends which increase 
the resistance to the motion of the fluid, as for example in the 
case of the Belleville boiler, the limit is reached sooner, and it is 
necessary to use larger tubes. The same may be said if tubes of 
the same length have different inclinations, the circulation being 
all the more energetic in proportion as the tubes approach the 
vertical position, in which the bubbles of steam most easily 
escape. 

If tubes of equal diameter have different lengths, the same 
inclination and the same total length, and consequently the same 
total heating surface, even admitting that in the two cases the 
resistance due to friction is simply proportional to the length, 
the total volume of the fluid current which will circulate in a 
given time, the density being the same, will be greater in the 
case of the short tubes, even if the velocity of the current in 
them be less, because this inferiority is more than compensated 
by the greater number of tubes. For this reason, short tubes 
are probably better adapted to intense combustion than long ones. 
This appears to me evident in the case of straight tubes: in 
“multiple arc,” especially straight tubes slightly inclined (that 
is, nearly horizontal), as are those of the Lagrafel-d’Allest and 
Oriolle boilers. Indeed, in this case the density of the mixture 
will be relatively more uniform in the shorter tubes, that is, in 
comparison with the mean density; in the larger tubes, the dif- 


f 
q 
i] 
i 
y 
; 
i 
i 
} 
+ 


WATER TUBE BOILERS. 107 


ference in density at the lower and upper ends will be greater, 
whence in the latter the water will be mixed with more steam 
than in the short tubes; and since the tubes in the lower rows 
are equally exposed to the full heat of the furnace, whether the 
tubes are short or long, the danger of burning will be greater 
in the latter case. 

The matter is not so clear when we compare straight tubes 
arranged in “multiple arc” with the same kind arranged in 
“series.” (For example, if we compare a Lagrafel-d’Allest boiler 
with a Belleville boiler, assuming that they both have tubes of 
the same diameter, same length and same number.) In the first 
place it should be observed that while in the case of a nest of 
tubes in “multiple arc” the specific volume of the mixture of 
water and steam is greater in the lowest tubes which are most 
exposed to the heat, on the other hand, with a nest of tubes “in 
series” the specific volume (vaporosita) is least in the lowest 
tubes and gradually becomes greater and greater in the tubes 
according to their proximity tothe top. Therefore, in the case of 
tubes “in series” the specific volume of the contained steam and 
water may be made greater without danger, as the greatest 
specific volume occurs in the upper tubes which are not exposed 
to the greatest heat of the furnace. On the other hand, in case 
of a nest of tubes “in series” in order that the specific volume of 
the water in the upper tubes may not be dangerously high, it 
must be very moderate in the lower ones, while in case of tubes 
“in multiple arc” the specific volume in the lower tubes may be 
increased to the maximum compatible with safety, without fear 
that it may be excessive in the upper tubes. This being the 
case, the question to be settled before all others is the limit of 
temperature to be allowed in the lower tubes in both cases. 
These tubes are supposed to be alike in both cases and exposed 
to an equal source of heat. We may then assume that the 
quantity of heat they receive will also be equal under like con- 
ditions. The only difference in the lower tubes will be the 
density and velocity ef the mixture of water and steam. In 
order that these tubes may be subjected to the same conditions 
with regard to the limit of temperature, it is necessary that the 
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quantity of heat absorbed by the fluid which passes through 
them should be equal; that is, the quantity of steam generated 
must be the same in both cases. Therefore, calling 4, and V, 
the density and velocity of the fluid in the lower tubes arranged 
in multiple arc, and J, and V, the density and velocity in the 
tubes in series, the following should be approximately true: 


(1 — 4.) — 4,) V, (1) 


that is, in the lower tubes the velocity of the fluid should vary 
inversely with the specific volume (2. ¢. should vary directly with 
the density.—Translator.). Now let there be two boilers, one 
with 2 rows of x parallel tubes each, arranged in multiple arc, 
and the other boiler with ~ groups of ~ tubes of the same size 
as the former and the same inclination, but arranged in series. 
In both cases the boilers will have 7 tubes in the lower row, but 
in one case these will be independent of those above, while in the 
other case they will be connected to them in series. Supposing 
for the time being that the resistance to the motion of the fluid 
is zero, the velocity will depend upon its density and the differ- 
ence of level between the extremities of the tubes in both cases. 
What will be the minimum possible mean density? It seems to 
me rational to assume that the minimum possible density is that 
which gives the greatest circulation throughout, and it is easy to 
see that in this case the mean density will be about equal to half 
that of the water; that is, the mixture of steam and water should 
be about half steam and half water. This will be the density of 
the mixture in the lower tubes of the boiler with tubes in multi- 
ple arc, and will also be the density of the mixture in the tubes 
half way up in the nest of the boiler with tubes in series. The 
mean density being the same in both cases, the velocity of the 
mixture will depend solely on the difference in level, and since 
this is times greater in the tubes in series, the mean velocity 
in these tubes will be ;/% times greater; not in all the tubes 
(2. é. not in all the sections of a coil_—Translator.), but in those 
about half way up in the nest. In the lower tubes the velocity 
will be less (the quantity of fluid which will pass through each 
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group of tubes in series should be equal), and it will be less in 
inverse ratio to the density of the fluid in that part. 

Then if V, is the velocity of the fluid in the lowest tube of the 
nest arranged in multiple arc, V,’ =V,)/ywill be the velocity in 
the tube half way up in the nest, in series; and if 4,’ is the den- 
sity in that part, using the preceding notation, we get: 


4! = 4, (2) 
4) = 4 V, (3) 
Combining these equations with equation (1) we get: 
— 1) (4) 
VA 1) (5) 


Assuming that the rate of combustion is urged to the point 
where 4, = 3, that is, until the mixture in the lowest tubes of 
the boiler in multiple arc will be half water and half steam, we 


get: 


+4 (6) 
n 
4V.(/n—1) (7) 


We may take a practical example and compare a Lagrafel 
d’Allest boiler with 16 rows of parallel tubes with 16 tubes in 
each row, with a Belleville boiler, having 16 groups of tubes in 
series with 16 tubes in each group. 


n=16; /n=4; we have V.=$V,, 


the velocity in the lowest tubes of the boiler (in series), Also 
4,= + the density of the mixture in these tubes. In the highest 
tubes the density will be about 4 and the velocity about twenty 
times that in the lowest tubes of the boiler in multiple arc. 

If this were really the case, the advantage on the whole would 
appear to be with the boiler with the tubes in series, since in the 
lowest tubes most exposed to heat there would be a mixture 
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of water and steam much more dense and having double the 
velocity of the fluid in the boiler with tubes in multiple arc, 
while half way up the nest of tubes, where the heat is not so 
intense, the mixture would have a mean density equal to that in 
the lowest tubes in multiple arc and a velocity four times as 
great; and finally in the upper tubes there would be very damp 
steam containing about 20 per cent. water. But this will not be 
the case if there is much resistance to the movement of the fluid, 
on account of friction of the walls of the tubes, change of direc- 
tion at the bends, etc. In this case, the balance may be in favor 
of the tubes in multiple arc, in which the only resistance is the 
feeble one of friction of the walls of the tubes. 

In the case in question of the Lagrafel-d’Allest and Belleville 
boilers, while in the former the velocity of the water in the lowest 
tubes (the density of the mixture being $) would be about 13 
meters per second, in the latter, supposing (which is probable) 
that at each bend there would be a loss of heat equal to that cor- 
responding to the mean velocity of the fluid, then the velocity in 
the tubes half way up the nest would be about 2.3 meters only, 
instead of 4 meters. And supposing (which seems plausible) 
that the density of the mixture in the lowest tubes is as before 
zy, the velocity in these tubes would be about 14 meters, that is 
equal to that which exists in the lowest tubes of the Lagrafel- 
d’Allest boiler, instead of being more than twice as great, which 
we have seen to be necessary if the absorption of heat is to be 
the same in the two cases. This being so, in order that the 
lowest tubes in the Belleville boiler may be in as favorable con- 
dition (insofar as it relates to the heat which they can stand) as 
those of the Lagrafel-d’Allest boiler, the diameter of the former 
must be much greater, about double. Indeed, this is the case 
practically, the external diameter of the tubes in the Belleville 
boiler varying from 7} to 12 centimeters, while those in the 
Lagrafel-d’Allest boiler are a scant 5 centimeters. 

The case is different if, instead of the Belleville boiler, we take 
the Du Temple. In the latter, although the tubes are bent back 
on themselves, as if made up of a number of straight tubes in 
series, the bends have an easy curve, so that the loss of head is 
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little or nothing. And for this reason, or because in this boiler 
the tubes are of copper and placed at a greater angle to the hori- 
zontal, and the bends less numerous, they are able to stand very 
intense combustion when the tubes are very small (diameter 2 to 
3 centimeters), smaller, indeed, than are used in boilers with tubes 
in multiple arc. ‘ 

Influence of the material and condition of the tubcs —The material 
of the tube and the condition of the interior surface have obvi- 
ously an influence on their capacity for receiving and transmitting 
heat, and it is easy to judge what the effect of these would be. 
As is well known, a thin layer of incrustation or deposit of 
grease is sufficient to perceptibly reduce the conductivity and 
to neutralize any superiority which might otherwise exist, on 
account of the nature of the material. Therefore, little reliance 
can be placed on the nature of the material of the tubes to in- 
crease their efficiency, and the choice of material is determined 
by other considerations, of which more will be said hereafter. 

Influence of the steam pressure —The pressure has a beneficial 
effect on the efficiency of the circulation in promoting the abstrac- 
tion of heat from the heating surface, since, by increasing the 
pressure, the volume occupied by a given weight of steam is 
diminished, and there is, therefore, an increase in weight of steam 
which can pass through the tubes with a given density of the 
mixture of water and steam and given velocity of the current. 
The beneficial effect of the pressure in increasing the weight of 
steam circulating in a tube in a given time is reduced somewhat 
by the greater density of the steam itself, which has a tendency 
to reduce the propelling force actuating the circulation, and to 
increase the resistance to be overcome by the current of steam, 
but this reduction is relatively unimportant. 

Mr. Thornycroft has made some important experiments which 
bear upon this question, and which were published in the Trans- 
actions of the Institution of Civil Engineers, London, 1890. These 
experiments showed that, with an increase in pressure, the weight 
of steam generated by a boiler increases proportionately, the 
volume of the mixture of water and steam remaining constant. 
That goes to show that the maximum rate of combustion, and 
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consequently the maximum power, instead of being constant for 
a given boiler, as is the case with the ordinary fire tube boiler, 
increases in the case of water tube boilers with the increase of 
pressure at which the boiler is worked. 

To increase the efficiency of water tube boilers it is, therefore, 
advantageous to work them at a higher pressure than that for 
which the engine is designed; this proceeding is perfectly 
practicable if the boiler can stand the pressure, which can be re- 
duced afterwards to that required at the engine, and it is also 
convenient as a means of avoiding the bad effects on the engine, 
due to those fluctuations in pressure which are likely to occur 
in water tube boilers. 

Submerged and partly submerged tubes—There is a difference 
of opinion with regard to the advantages of submerged tubes 
over those that are partly submerged. The advocates of sub-- 
merged tubes point out that these are not liable to be burned 
like the others by a sudden fall of the water level, due to 
the checking of combustion when the engines are stopped, 
which disadvantage of partly submerged tubes is increased 
necessarily by the fact that the latter are almost horizontal fora 
certain part of their length at the upper end, where consequently 
sediment is likely to be deposited, favoring burning. On the 
other hand, it is claimed that if the tubes are of proper diameter 
and are properly arranged, the defect before mentioned is not 
manifest, while the circulation is more energetic and more regu- 
lar. That it is really more energetic does not appear to be yet 
well proven, nor does there appear to be any good reason for it; 
on the other hand, we readily admit that the circulation may be 
more regular; indeed, in the case of partly submerged tubes, 
when the circulation is once started, the mixture of steam and 
water always meets the same resistance as it emerges from the 
tube and is discharged into the steam drum; on the contrary, in 
the case of submerged tubes, debouching under water in the 
steam drum, the mixture, besides overcoming the constant re- 
sistance of the tubes, must overcome in the steam drum the 
weight of the column of superincumbent water, which varies in 
height and density. 


a 
5 
; q 
q 
if 
— 
a 
q 
{ 
q 


WATER TUBE BOILERS. 113 

The advocates of partly submerged tubes claim also that with 
them the surface of the water remains more tranquil, the water 
not being agitated by the irruption of the steam ascending from 
the tubes, wherefore the volume of the steam drum can be re- 
duced considerably without disadvantage. Thus, while in boilers 
of the locomotive type the volume of the steam space should be 
at least almost sufficient to contain the amount of steam used by 
the engine in a space of six seconds, in boilers with partly sub- 
merged tubes, according to Thornycroft, the space may be re- 
duced until it only contains the amount used in one-fourth of a 
second; that is to say, it may be reduced to one-twenty-fourth 
of the former size. Finally it should be observed that the dan- 
ger of burning, in the case of partly submerged tubes, may vary 
greatly according to the arrangement of the tubes, and may be 
rendered in effect practically nil by placing the emerging parts 
so that they cannot be reached by the gases of combustion until 
the latter have been considerably cooled by passing over the 
submerged parts. 

Straight and curved tubes, facilities for inspection, repair and 
renewal.—Straight tubes are generally easier than curved tubes 
to examine and clean on the outside as well as inside and also to 
remove and renew. Moreover, they may be arranged (as for ex- 
ample in the zig-zag series in the Belleville boiler) in such a 
manner as to be free to expand under the action of heat: but in 
this case, as they must be placed sub-horizontally and united with 
return bends, almost without any gradual curve at the bends, 
they must necessarily have a somewhat large diameter. Where 
the tubes are of small diameter (and this is the tendency in the 
great majority of marine water tube boilers) they must be ar- 
ranged in multiple arc; that is to say, whether they are straight 
or curved they should lead directly from the water to the steam 
drum. In this case the curved tubes certainly adapt themselves 
to changes of.form in the boiler produced by changes in tem- 
perature; but this is a question of degree, and, according to 
Yarrow, who prefers straight tubes, the difference of expansion 
of the tubes is so small that it may be neglected. 

The question is altogether largely one of degree: a just appre- 
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ciation of all the points involved depends upon conditions not 
yet fully ascertained, more experience being required, and also 
upon circumstances affecting special cases. For example, in 
cases where the tubes corrode very slowly, the question of facility 
of renewal would become one of minor importance, and it would 
be sufficient if the removal could be accomplished without great 
labor ; especially when it is considered that even with straight 
tubes arranged in the best manner to facilitate inspection and 
renewal, these operations can not be performed without extin- 
guishing the fire and emptying the boiler; that is to say, without 
putting the boiler out of service for a time. Moreover, the curved 
form is not altogether an impediment to ease of renewal, and 
indeed there are boilers with curved tubes which, in this respect, 
are not very different from those with straight tubes. 

A really important feature would be the possibility of provid- 
ing a temporary remedy in case of injury to a tube, while con- 
tinuing the boiler in use, but this good quality for which the 
ordinary fire tube boilers are justly esteemed has not yet been 
secured in any form of water tube boiler, whether the tubes are 
straight or curved. Leaving that out of the question, and com- 
paring water tube boilers simply from the point of view of access- 
ibility of the tubes, facility for examination, cleaning and renewal, 
it may be said that water tube boilers with straight tubes are 
generally preferable. We should then place in the front rank 
the Belleville boilers, in which all the tubes are alike, and in 
which the operation of removing and replacing a tube can be 
performed without interfering with any other tube, and can be 
done in a few hours with the means in hand on board, by a 
couple of firemen who are moderately skilful. In the second 
rank are the boilers with sub-horizontal Field tubes, such as the 
Diirr and the Niclausse, in which the inspection and renewal of 
a tube is effected from the outside by simply removing a plug or 
cover on the boiler front without being obliged to enter the boiler 
at all; the operation of removing and renewing a tube is not 
much more trouble than in the case of the Belleville boiler, the 
tubes not being expanded in the tube sheet nor in the vertical 
pipes which connect them with the steam drum. ~ 
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In my opinion, the next in order are the boilers with straight 
tubes in multiple arc, sub-horizontal, like the Oriolle, Lagrafel- 
d’Allest, Yarrow, Seaton, &c., in which the tubes are all alike 
and the operation of inspection or renewal can be conducted 
from. the outside by removing a plug or cover in the front and 
on the back of the boiler; but, in all these, the operation of re- 
moving and renewing a tube is more laborious then in the case 
of the preceding boilers, the tubes being expanded in the tube 
sheets or in the vertical pipes, the sheets and pipes themselves. 
also being fixed. 

After these come the boilers with straight or curved tubes in 
multiple arc and sub-vertical arrangement (such as the Yarrow, 
Blechynden, Fleming and Ferguson), in which the straight or 
curved tubes can be removed and replaced from the inside of the 
steam drum, each being independent of the other. 

Last of all are the boilers with curved tubes (Thornycroft,. 
White, Normand, Du Temple), the curvature being different for 
different tubes, and in which to change one tube necessitates re- 
moving and replacing several. 

The cleaning of the tubes of deposits of soot and ashes on the 
outside is accomplished by a jet of water or steam. It is natur- 
ally more difficult in the case of boilers with straight or curved 
sub-vertical tubes, since in this case the soot and ashes collect at 
the bottom on the water drums, where it is difficult to get at 
them, while with sub-horizontal tubes the ashes naturally fall into 
the furnace. 

To facilitate cleaning the exterior of the sub-vertical tubes of 
his boiler, Mr. Yarrow has made the casing at the sides remov- 
able, giving up the advantage which would ensue from having 
the sides fixed and composed of a layer of water tubes, as in the 
Blechynden, Thornycroft and Mosher boilers. In connection 
with the subject of cleaning, due regard must be had to the space 
allowed between the tubes, which is made different in different 
parts, to regulate properly the course taken by the products of 
combustion. The same end can be accomplished by leaving 
such spaces sufficiently large in every part and making use of 
diaphragms to direct the course of the hot currents. 
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Corrosion.—Corrosion, which for the most part is manifested 
in the form of pitting in the interior of the tubes, is one of the 
points which requires much attention in water tube boilers, 
especially in the light ones, which have tubes of small diameter 
with thin walls. In such, the corrosion, however light, may be 
sufficient to produce a hole, and make it necessary to put the 
boiler out of use until repaired. The danger is also increased 
by imperfections, cracks, blisters, defects due to drawing, etc., 
which tubes generally have, whether they are seamless drawn or 
welded. Owing to the small diameter, such defects are not dis- 
covered when the tubes are inspected before being used. 

Corrosion also affects the exterior, on account of the corro- 
sive action of the moisture and the chemical constituents of the 
ashes and soot deposited in them; but this is less injurious than 
the internal corrosion, especially as the latter goes on even when 
the boiler is not in use, notwithstanding the care taken to 
prevent it. This disadvantage arising from the corrosion of the 
tubes is a very serious one for the boilers of war vessels, which 
lie out of use for long periods, since it may and does happen 
that boilers supposed to be in good condition and left out of use 
for some time show leaks the first time steam is raised. This 
difficulty is not peculiar to water tube boilers alone, but is com- 
mon to all, even fire tube boilers, if the tubes are of iron or steel. 

Experiments made in our Navy seem to show that of the 
two methods of preserving boilers, the dry method with quick 
lime and the wet method with alkaline water, the latter is the 
better. Where the latter is to be employed, care should be 
taken that, in the case of water tube boilers with tubes only 
partly submerged, the upper curve of the tube does not prevent 
the latter from being completely filled with water. The diffi- 
culties with regard to corrosion of the tubes would certainly be 
obviated by using tubes of copper or brass instead of steel or 
iron, but copper does not seem to be very suitable on account of 
the rapid reduction of its tensile strength when heated above a 
certain point, a thing that might occur in boilers with tubes partly 
submerged, and also in case of submerged tubes if deposits of 
grease form in the interior. This is the opinion of Mr. Thorny- 
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croft, a good authority, who has entirely given up the use of 
copper tubes in his boilers. He prefers brass tubes, especially 
in boilers with submerged tubes, but in his own, which have 
partly submerged tubes, he prefers steel. 

Mr. Yarrow and M. DuTemple use copper tubes in their 
boilers, which have submerged tubes, and, it appears, with good 
results. It remains to be seen, however, whether the galvanic 
action likely. to be set up between the copper tubes and the 
other parts of the boiler will not constitute an equally serious 
disadvantage. 

Many other persons who are authorities on this subject advo- 
cate rejecting copper as well as brass. Mr. J. T. Milton, chief 
engineer of Lloyds, advocates the use of weldless steel tubes. 

On the other hand, Mr. Ward, the well-known builder of cir- 
cular water tube boilers, while admitting that copper is preferable 
to brass, advocates tubes of the softest iron, made with wood 
charcoal. 

Mr. Yarrow suggests galvanizing the interior of iron or steel 
tubes to render them less liable to corrosion. He also prefers 
seamless drawn tubes to those with welds, since in the operation 
of welding, scoria is liable to get in the weld and assist corrosion. 

The use of plates of zinc in the boiler, which has given good 
results in the ordinary boilers, is also recommended for water 
tube boilers, to assist in preserving them. 

On the whole, the choice of the best material for tubes from 
the point of view of corrosion, is another doubtful point upon 
which we must look for experience to throw more light. 

Methods of fastening the tubes, either to each other, or to other 
parts of the boiler —WhNere tubes are joined together, or to other 
parts of the boiler, they should be arranged so that the joint 
shall be steam tight, and remain so, even when the boiler is 
worked at its maximum capacity. The attachment may be made 
in various ways, either by screwing the tubes into suitable holes, 
or simply by expanding or rolling them in these holes, or by fit- 
ting threaded couplings to the tubes. The threaded joint is only 
applicable in case of straight tubes, which have to be fixed only 
at one end, and even in this case the simple expanded joint is 
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preferable, as it is easier to make and just as efficient. Couplings 
are used only in those boilers, or paris of a boiler, in which the 
expanded joint is not practicable. In the Ward boiler, all the 
joints are threaded couplings, even in those parts exposed to the 
fire, and the results are good. Notwithstanding the good results 
obtained in practice, there is a prevailing opinion that they form 
a more delicate joint than the expanded joint, and that they 
should be avoided, if possible. It is perhaps well to note that, 
with an expanded joint, the internal pressure always tends to 
keep it tight, which is not always the case where couplings are 
used. 

But in whatever way joints are made, they are always weak 
points compared to the rest of the tube, and therefore the gen- 
erally accepted opinion is that they should not be exposed to 
intense heat. 

Efficiency of the heating surfaces—In order that the heating 
surface may be efficient, two conditions are necessary. First, 
that the tubes be arranged in a direction normal, and preferably 
zig-zag (a /osanga) to the direction of the products of combus- 
tion, in such a way that the gaseous current cannot take a straight 
course to the smoke pipe, but are caused by the tubes to deviate 
continually. Second, that by means of diaphragms, or by placing 
the tubes closer together in some places, the gases of combustion 
are caused to traverse the whole extent of the nest of tubes in 
such a manner that the whole length of every tube is effective as 
heating surface. 

Having due regard to the requirements of cleaning, the spaces 
between the tubes are made smaller in proportion as their diameter 
is smaller, the limit being reached when‘ there is only enough 
space left for the passage of the gases for combustion. 

The heating surface of water tube boilers does not seem to be 
as efficient as that of fire tube boilers, perhaps because it is diffi- 
cult to arrange it so that all will be utilized. There is a great 
difference in this respect between individual boilers. 

Size of the furnace-—The space above the grate, between it and 
the tubes, should be large enough so that the combustion of the 
gases may be completed before they come in contact with the 
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tubes. This is essential for perfect combustion, and for the pres- 
ervation of the tubes, as has been well demonstrated by the ac- 
complished Dr. Siemens, in his valuable memoir on “ Combustion 
with free development of flame.” Where this condition is not 
fulfilled, the combustion will be incomplete, with a correspond- 
ing loss of economy of combustible; besides, the boiler will 
smoke, and the tubes be covered with soot and soon burn. It 
may also happen that the unburned gases will ignite after pass- 
ing the tubes, thus burning the plates of the uptake and smoke 
pipe, with all the attending evil consequences. The stream of 
fire, which, in such cases, will issue from the smoke pipe, is 
another disadvantage in the case of war vessels. 

The importance of a large furnace, although generally admitted 
by all who have spoken or written about boilers, does not 
seem to me to have received much consideration by builders of 
boilers, as they often sacrifice it for the sake of gaining other 
advantages, and do not attach to it the importance which it 
deserves. 

Arrangement of the tubes with regard to the grate and to the 
space occupied by the boiler—In many water tube boilers, espec- 
ially in those of the Thornycroft and Yarrow types, with sub-ver- 
tical tubes in multiple arc, the tubes are placed at the sides and 
reduce the space available, in the transverse direction, for the 
the grate. This is not a disadvantage in itself, and may prove to 
be just the contrary if there happens to be much space available 
in the direction of the breadth of the boiler. This would be the 
case, for example, on board a large ship, where the boilers 
are arranged in one or two rows in a fore-and-aft direction, 
with their fronts parallel to a fore and-aft plane. On the 
other hand, in the case of a small, narrow, long vessel, like a 
torpedo boat, torpedo boat catcher, or scout, where the boilers 
must necessarily be placed with their fronts in a transverse plane, 
the reduction of the breadth of the grate by the nests of tubes 
might be a disadvantage. Mr. Thornycroft has fully recognized 
this disadvantage and makes his latest boilers with a single large 
water drum of cylindrical form, and places it at the center of the 
nests of tubes, and with two other water drums, also cylindri- 
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cal, but of small diameter, at the sides, to which latter are at- 
tached the ends of a single zig-zag row of tubes which form the 
envelope. Notwithstanding all this, the reduction of the breadth 
of the grate is still relatively large. It is true that in the case of 
water tube boilers the importance of ample grate surface is less 
than in the case of the ordinary boiler, as in the former the activ- 
ity of combustion can be urged to a much greater degree ; at the 
same time it should be considered that an ample grate surface is 
always advantageous, whether to get an abundance of power from 
the boiler with natural draft without using the blowers, or to 
have a furnace sufficiently large in proportion to the amount of 
combustible to be consumed in a given time. 

In nearly all boilers then, the nest or nests of tubes are placed 
above the grate, or turn and pass over it, so that the boilers are 
very short but very high. In many cases, when it is a question 
of vessels of a certain size, or of torpedo boats, this arrangement 
is very good, because the boilers then require little space on 
the floor of the ship, and more in the vertical direction where 
there is plenty. (Indeed in torpedo boats the available space in 
the height is limited only by the conditions of stability and pro- 
tection from shot.) But there are small protected cruisers, like 
our vessels of the Z7ipoli and Partenope type, in which the pro- 
tective deck greatly limits the height available, and in such cases 
the most suitable form of water tube boilers is that in which the 
nest of tubes is situated wholly or partly back of the grate, such 
for example as the Cowles and the White boilers. Data with 
regard the the space occupied by boilers of different types is 
given in the table on the opposite page. 

Radiation.—The radiation from water tube boilers used on 
shipboard may be great when their outer walls, composed of re- 
fractory materials, are exposed to intense heat, since it is impos- 
sible, on account of the weight involved, to make them thick 
enough to keep down the loss by radiation to moderate limits. 
This defect is common to many water tube boilers with sub-ver- 
tical tubes, in which the front and back of the furnace are com- 
posed of refractory materials and metal plates. In many of those 
with sub- horizontal tubes the refractory walls, besides being used 
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at the bottom around the furnace, are also used above at the sides 
of the nest of tubes, but even in these radiation is considerable. 

Refractory materials are certainly useful and indeed necessary 
in the interior of the furnace, where they serve the double pur- 
pose of keeping up the temperature of the atmosphere in which 
the combustion goes on and of protecting the lower parts of the 
boiler from the destructive action of the flame; but they should 
form only an internal clothing for the furnace, the exterior walls 
of which should be formed of ‘water tubes covered on the outside 
with a non-conducting substance. All other parts of the casing 
of the boiler subjected to great heat should also be composed of 
water tubes covered with non-conducting materials, wherever 
this can be arranged without interfering with the facility for 
cleaning the tubes. At the ends of the tubes, where the products 
of combustion are considerably cooled down, the casing should 
be composed simply of non-conducting material, which is light 
and incombustible, such as asbestos and cotton wool, and espec- 
ially a mixture of asbestos and magnesia, which combines high 
nonconductive power with the greatest lightness. The arrange- 
ment just mentioned has been adopted for the Yarrow, Lagrafel 
d’Allest, and some other boilers. 

Maximum power of water tube boilers—The maximum power 
which it is possible to supply with a single water tube marine 
boiler, seems to me to have no other absolute limit than the 
conditions with regard to the space in which the boiler is to be 
located and worked. From the first boiler of a few hundred 
horse power we have already come to use boilers of 1,500 horse 
power each in the torpedo boat catcher Daring of the English 
Navy, which has Thornycroft boilers, and Mr. Ward, the well- 
known builder of water tube boilers, in his paper previously 
cited, after having mentioned that the boilers on his system, 
used on the Monterey, are of 1100 horse power each, does not 
hesitate to say that there is no difficulty in constructing and 
working water tube boilers of even much greater power; such 
is also the opinion of Messrs. Fleming and Ferguson, who have 
proposed to make water tube boilers of two thousand and more 
horse power. 
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That this should be so appears reasonable from the organic 
nature of the water tube boiler itself, thanks to which the diffi- 
culties in regard to increasing their dimensions beyond a certain 
limit do not exist, as they do in the case of the ordinary fire tube 
boilers. The question of the maximum power of a single water 
tube boiler is not without importance, since the power required 
affects the number required, their management, space occupied 
on board, number and complexity of the mountings and pipes, 
and the aggregate weight of the whole steam generating plant. 
The larger the boilers and the smaller their number, the easier 
they are to manage; and, other things being equal, the greater 
the saving in weight, space and accessories. On the other hand, 
the larger the boiler the greater the damage resulting from any 
casualty happening to one of them. The most suitable size of 
boiler depends, in particular cases, upon the total power of the 
machinery, the space available in the ship, and upon the condi- 
tions of the service upon which the vessel is to be used. Other 
things being equal, if water tube boilers are used, there should 
be a greater number than if there were fire tube boilers, because 
in the former case a simple leak of water from one tube would 
put the boiler out of use for at least several hours, while in the 
second case, it would be a defect which could be remedied in a 
few minutes. Therefore, on shipboard there should always be 
at least two water tube boilers, even when a single fire tube boiler 
would have answered. On the other hand, in large vessels which 
have necessarily a number of boilers, it seems to me that it would 
not be necessary that the number of water tube boilers should 
be much greater than it would be if fire tube boilers had been 
used. 

An increased number of boilers serves, especially in war vessels, 
to limit the damage arising from accidents to one of them, whether 
from loss of material of the boiler itself, or loss of power of the 
motive apparatus; but if the number be sufficient for the require- 
ments of the case, to exceed it would, in my opinion, be a 
mistake, because in addition to the disadvantages previously 
mentioned, it would increase the probability of accidents, which 
was the very thing attempted to be avoided. 
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In the mercantile marine, where the conditions of service are 
much more regular than in the Navy and the risks are less, a 
large number of boilers is less important, and for this reason it 
would be better to use boilers of greater power. 

The specific power (capacita di potenza) of water tube boilers. — 
I call the specific power of a boiler the quantity of steam which 
it is capable of producing in practice, when urged to the utmost, 
per unit of space occupied and per unit of its weight, including 
the weight of the contained water. It seems to me that this 
quality is an important one for war vessels, since in most cases 
it is desired to have boilers which will furnish a maximum 
power for a minimum of weight and space. 

Assuming the foregoing definition, and designating the said 
specific power by &, the weight of combustible burned per unit 
of heating surface by C, the weight of steam produced per unit 
weight of combustible burned by V, and the heating surface per 
unit volume of the boiler by S, and the weight of a unit volume 
by P, we get: 


CVS 


In order that this formula may have a value, and serve as a 
standard of comparison for the specific power of different boilers, 
the factors of which it is made up must be determined by laws 
which are rational, fixed and of easy application to practical 
cases. These laws, in my opinion, should be as follows: 

1st. The combustible should be coal of good quality, such as 
is used on trials of vessels, and in getting the value of C, account 
should be taken of only that part of the combustible which is 
effectively burned on the grate. 

2d. That the production of steam should be calculated “ from 
and at” a given temperature of water, for example 100 degrees 
Centigrade. 

3d. That the space occupied by the boiler should be measured 
by the parallelopiped having for its base the rectangle circum- 
scribing the horizontal projection of the boiler, including the 
uptake, and for its height the height of the boiler from its lowest 
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part, including the ash-pit, to the highest part, including the 
uptake. 

4th. That the weight should include the bare boiler plus the 
weight of the fittings directly attached to it, plus the weight of 
the water at normal level. 

Mr. Ward, in his paper previously cited, gives a formula simi- 
lar to the preceding, and which, in his opinion, expresses the 
relative efficiency of boilers. The formula is as follows: 


Relative efficiency = ft 
1 
where C, Vand S have the same signification as in the previous 
formula, but where P, expresses the weight per unit of heating 
surface instead of the weight per unit of volume. This formula 
does not seem to be well adapted to its purpose, nor sufficiently 
rational. Indeed it does not express the efficiency of the boiler 
with respect to the utilization of the combustible, because the 
same product C x V may be obtained when burning a small 
quantity of coal in an advantageous manner, in such a manner 
as to produce a large quantity of steam, and also when burning 
a large quantity in a disadvantageous manner, so that it produces 
a small quantity of steam, and rather than efficiency, which includes 
the idea of a return rendered, the Ward formula expresses the 
capacity of the boiler (that is its capability) to produce steam; 
it is probably in this sense that he uses the words “ relative 
efficiency.” But even taken in this sense, the formula appears to 
me defective in that it gives undue weight to the heating surface 
S. Indeed, if in this formula, instead of P, we substitute its 


value, = from the preceding formula, we get, 


Relative efficiency = 
from which it is seen that the efficiency of a boiler would vary 
directly with the square of the heating surface. This principle 
would be admissible if the hourly consumption of combustible 
in a boiler and the amount of steam produced were independent 
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of the total amount of heating surface. Instead of this being so, 
the exact contrary is true. Increasing S increases the possible 
hourly consumption of combustible, or increases its production 
of steam ; that augments the value of the product C x V, so that 
the beneficial effect which the increase of the heating surface 
exercises in the efficiency of the boiler is already represented 
by the product CV, whence the factor S cannot appear in the 
formula except in its relation to C, inasmuch as the product CS 
gives the measure of the quantity of combustible burned. 

CVS 

P 
to express the specific power, or relative efficiency of boilers, and 
it has been used in making the following table of comparison 
to express the specific power of boilers of different types, the data 
relative to which, under forced draft, has been determined. 

If, from the second member of this equation, we remove the: 
divisor P, we have the product CVS, which expresses the power 
of the boiler per unit volume occupied by it. This is an item, 
for comparison, and I have thought advisable to note in the table: 
its value for different boilers. 

[That it is not an easy matter to originate a formula which will 
satisfactorily express the relative efficiency of different boilers 
will be apparent from an analysis of Col. Soliani’s formula. If, 
instead of the letters, we substitute therein their values (using 
HS for heating surface), it becomes 


For this reason I prefer to use the former formula - = 


combustible HS 
HS xVX volume combustible x V 
weight weight 
volume 


In other words, it reduces itself to a statement that Z is equal 
to the total evaporation divided by the weight of the boiler, re- 
gardless of the space occupied. 

If the Ward formula be similarly expanded, it becomes 


total evaporation X HS 


Relative efficiency = 


weight X volume 
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or that it is equal to the total evaporation divided by the pro- 
duct of the weight per unit of heating surface and the space 
occupied.—EDITor. | 

Examining the figures in the table relative to the specific 
power of boilers, it will be observed that, even making due allow- 
ance for the fact that the figures showing the weight and space 
occupied are only approximate, still water tube boilers generally 
give more power per unit of space and weight than fire tube 
boilers. We must except the Belleville boiler, which, of all the 
water tube boilers given in the table, is the only one which fur- 
nishes less power than fire tube boilers. The second comparison 
of power per unit of space occupied is less favorable to water tube 
boilers; in this respect the water tube boilers are about on a par 
with fire tube boilers. 

It is interesting to compare the results obtained from the Yar- 
row water tube boiler of the torpedo boat catcher Hornet with 
those of the locomotive boiler of the torpedo boat catcher Havock,. 
made by the same builders, and which represents the extreme 
limit of power of locomotive boilers. If allowance is made for 
the difference in amount of forced draft used in the two cases, the 
comparison is decidedly in favor of the water tube boiler. 

It is proper to observe that the space occupied by the boiler 
alone, as recorded in the table, does not give an exact idea of the 
space actually required for iton board ship. It will be necessary 
to add the space required for the fire room, passages behind the 
boiler, etc.; that is, it will be necessary to measure the space 
actually available for the boilers in the boiler compartments; but 
in doing this we would be liable to introduce greater discrepan- 
cies and uncertainties. 

In the case of the Hornet and Havock, the former with eight 
water tube boilers and the latter with two of the locomotive type, 
the total useful space occupied in the boiler compartments per 
I.H.P. developed is about 2 per cent. greater in the case of the 
water tube boiler. . 

Management of water tube boilers.—The management of the fires. 
requires less care in the case of water tube boilers than with fire 
tube boilers for the reason that the former are not sensibly 
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injured like the latter by sudden changes in the rate of combus- 
tion, or by currents of cold air entering through the furnace 
doors, or by holes in the fire, due to improper firing. 

On the other hand, the regulation of the feed is more difficult, 
and requires more attention, especially if there are a number of 
boilers “in battery.” This is another reason for reducing the 
number of boilers. In order to have a regular feed, where there 
are a number of water tube boilers used together on shipboard, 
it has been found necessary, or at least advantageous, to adopt 
special arrangements, such, for example, as automatic regulators, 
feed water accumulators, and separate pumps for each boiler, in 
order to render the feed of each boiler, as far as possible, independ- 
ent of all the others. This sensitiveness in the action of the feed 
arises probably from the great changes in the pressure of the 
steam and of the level of the water in the boiler, due to the small 
quantity of water which these boilers contain, but it is also 
probably due to a certain extent to the want of experience 
hitherto had in the use of such boilers; and it is likely that in 
the course of time, when more simple means are discovered for 
regulating the feed, we shall be able to judge more correctly as 
to the importance of the irregularity of the action of the feed, 
which now appears to be a peculiarity of water tube boilers. 


CONCLUSIONS. 


Water tube boilers are made on rational principles. Since it 
is necessary to use tubes in order to get a sufficient amount of 
heating surface, it is evidently advantageous to use such tubes 
also as receptacles for water. The outer shell, which in ordinary 
boilers surrounds the heating tubes, is a superfluity which has 
no raison d'etre, and its absence from water tube boilers is one 
of the reasons for the lightness of the latter compared with fire 
tube boilers. Another peculiarity which reduces their weight 
in a notable degree is the smaller quantity of water which they 
hold compared with their heating surface. The power of water 
tube boilers per unit weight is finally increased by the greater 
intensity of combustion which is admissible, compared with fire 
tube boilers, owing to the method of their construction, Com- 
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posed as they are entirely of tubes, it is easy to arrange so that 
the latter can expand under the action of heat, and so that the 
flame will not strike the ends where they are attached to other 
parts of the boiler, but only the central part which can stand 
without injury a very intense heat when the circulation of water 
in the tubes is effective ; and the construction of the boiler: itself 
provides for this, since the circulation not only starts naturally 
but becomes more energetic in proportion as the action of the 
fire is more intense. From this peculiarity arises the great 
adaptability of water tube boilers to rapid changes, and without 
injurious consequences, from a very high rate of combustion to 
a low one and vice versa, which constitutes another important 
particular which, together with lightness, renders water tube 
boilers eminently suitable for war vessels. But that is not all; 
they have other advantages: they can be erected and taken down 
and renewed on board easily without removing a hatch coaming, 
without withdrawing the ship from service, while the same opera- 
tions, in the case of fire tube boilers, would require the ship to 
be completely dismantled for no small period of time. Also the 
cost of construction and maintenance should, in the long run, be 
less. Indeed, if water tube boilers have only the tubes and not 
the shell, which forms such an important part of fire tube boilers, 
it is natural that they should be less expensive, both in construc- 
tion and maintenance. In water tube boilers there are only the 
tubes to provide and keep in repair, and it is only reasonable to 
suppose that these will not cost more or require renewing oftener 
than fire tubes. 

Another advantage not to be passed over, is the immunity 
from disastrous explosions. It may happen that from corrosion 
of a tube, a leak of water or steam may occur so that it will be 
necessary to throw the boiler out of use, but that will probably 
be the whole extent of the damage. In the case of fire tube 
boilers, the consequences would be very different if a leak should 
start in a furnace or combustion chamber. Fire tube boilers are 
better in one respect, that is, in the facility with which a leaky 
tube can be plugged without interfering with the use of the 


boiler; but this advantage will go on decreasing in proportion 
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as means are found to overcome the effects of corrosion in water 
tube boilers, whether by galvanizing the tubes and having re- 
course to all the expedients which tend to lessen corrosion, or 
by using tubes made of some metal not subject tocorrosion. In 
the same manner, the inherent difficulties with regard to the 
feeding of water tube boilers will disappear with the experience 
which will be acquired with regard to their peculiarities and also 
with the increase of size of single boilers, as when several boilers 
are required to be used together on a vessel, the number will be 
only great enough to provide a sufficient service in case an acci- 
dent should happen to one. Some progress has already been 
made in this direction, and that is what, in my opinion, will 
facilitate the adoption of water tube boilers, even in the merchant 
marine, which requires an economical plant, and one that is easy 
to manage. 

The future of water tube boilers seems henceforth assured. It 
is difficult to predict at this time what particular type will be 
preferred. The process of selection must be allowed to go on. 
The Belleville boilers have certainly given good results and are 
widely used, thanks to the state of perfection to which they have 
been advanced, both on merchant and war vessels. They have, 
too, many good points which render them desirable for use on 
shipboard, but they cannot be said to be perfect, nor superior to 
other types of water tube boilers now in use, and which certainly 
surpass them in power and other respects. It may even be said 
that from this time on the Belleville boilers will yield the palm 
to water tube boilers of other types in all cases where the first 
requisite is great specific power, in which cases they would not 
be suitable. So while it is likely that the Belleville boiler will 
be much used on large and medium vessels, it is, on the other 
hand, probable that the field of torpedo boats, torpedo boat 
catchers, fast cruisers, etc., will be reserved for lighter forms of 
water tube boilers, such as the Thornycroft, Yarrow, Normand, 
Blechynden, White, Lagrafel d’Allest, Du Temple, Ward, 
Cowles, etc. 
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COLLAPSE OF CORRUGATED FURNACE. 131 
PARTIAL COLLAPSE OF A CORRUGATED FURNACE 
FLUE. 


By AssISTANT ENGINEER CHARLES H. Hayes, U. S. Navy. 


The accompanying illustrations show the partial collapse, due to 
overheating and shortness of water, of a corrugated furnace flue, 
which occurred at 1°30 A. M., October 10, 1894, at the works of 
the Bergner & Engel Brewing Company, in Philadelphia. 

This flue was made by the Continental Iron Works, Brooklyn, 
N. Y., and formed part of a two-furnace boiler of the gunboat 
type, which was built by the I. P. Morris Company, of Philadel- 
phia. The boiler was connected with four other similar ones, 
each of which was fed separately, all working at a pressure of 
from go to 100 pounds per square inch. At the time of the col- 
lapse, the pressure was about 90 pounds, and the fires moder- 
ately heavy with a good quality of Atlantic bituminous coal. 
When the flue collapsed, the water had been out of sight in the 
glass for about thirty minutes, but the safety valve did not open 
at any time, either before or after the casualty. 

An examination of the furnace showed the thickness of the 
metal at the top of the corrugations to be .376 inch, between 
the corrugations .383 inch, and at the bottom of the depression 
.353 inch, and gave indications of the water level having been 
about 10 inches below the crown. There were no rents, cracks 
or other defects visible on the depression, or on any other part 
of the furnace. 

The other furnace began to go down in the same way, but 
there was only a depression about 2 inches deep on five of the 
corrugations.. 

There was no leaking, and no other injury or defect was dis- 
covered in the boiler while making repairs. 

This collapse is chiefly noteworthy on account of the peculiar 
shape of the depression; showing the result of the pressure 
applied on the limited area about 8 inches wide and -4 feet 6 
inches long on the overheated crown of the furnace, and also the 
excellent quality of the steel of which it was made as well as 
the integrity of the welding of the flue. 
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CONCLUSION OF DISCUSSION. 


Chief Engineer G. W. Baird, U. S. Navy.—Mr. Bailey's 
paper so well covers the subject of air pumps that little is left 
to question; some observations and records may, however, be 
useful, if only to confirm. 

The work of the air pump is diminished not only by more 
complete condensation of the vapor, but by the tightness of the 
joints, particularly in piston rod stuffing boxes and in drains, 
which have always demanded so much attention. The engines 
having two piston rods were particularly troublesome, as the dis- 
tance between the rods at the piston when hot exceeded that 
between the center lines of the stuffing boxes, which wore the 
packing rapidly and created leaks. 

The shop engine at Mare Island, which has a single piston rod, 
has a surface condenser but no air pump at all; the feed pump 
takes its water directly from the condenser; when new this con- 
denser showed 21 inches of vacuum. ‘ 

There has been some prejudice against horizontal air pumps, 
which has led to their condemnation without sufficient investiga- 
tion. The Vandalia’s condenser when new got from 22 to 25 
inches of vacuum; the difference between the injection and the 
discharge water was small (about 20 degrees), but the feed water 
was very warm, from 40 to 50 degrees above the discharge water. 
It was a “two-part” condenser ; 2. ¢., the sea water passed through 
half of the tubes and returned through the other half; the clear- 
ance spaces in the horizontal air pump were enormous; to diminish 
this the spaces were partly. filled with wood, without, however, 
increasing the vacuum. The fault was found to be in the con- 
denser, in that the exhaust steam entering the condenser was 
deflected by a rib directly into a space between the nests of tubes 
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and thence to the air pump, without passing over the cold surfaces 
of the tubes; by filling this space, and by cutting away part of 
the obstructing rib, the condenser was so improved that the 
vacuum was increased to 26 and 26} inches, when there appeared, 
if I remember correctly, a difference of about 25 degrees between 
the injection and the discharge water, and about the same between 
the discharge and the feed water; at this time the wooden filling 
having decayed, it was removed, leaving the original enormous 
clearance spaces, but neither the vacuum nor the condenser tem- 
peratures were altered by its removal. This pump was connected 
to the engine, having 42 inches stroke, and was double acting; 
its piston speed was 420 feet per minute; it ran quietly and never 
gave any trouble; the vacuum was “picked up” promptly, be- 
ginning with the first stroke of the engine. 

The Fish Hawk has a single acting plunger horizontal air 
pump on each of her twin engines. The vacuum was satisfactory, 
but the temperature of the feed was not. She has a two-part 
condenser; the cold water entered at the bottom and was dis- 
charged at the top of the condenser ; the pump connections were 
changed so as to put the cold water in at the top; the result was 
an increase of about 5 degrees in the temperature of the feed . 
water, but without affecting the vacuum either way. 

In each of these air pumps, the valves were circular, lifted ver- 
tically, and seated in water. I have always regarded this “ water © 
seal” as essential. No matter how shallow the depth of water on 
the valve seat, it seems to prevent the air leak back into the 
pump. This want of seal I have always believed to be the prin- 
cipal trouble with our air pumps having inclined seats; they may 
work well enough where a great quantity of water is handled, as 
with a jet condenser, but not so with a surface condenser. 

The best performance of the relatively small air pump in the 
steam cutter of the Do/phin is worthy of mention. The boat has 
a 34 and 7 by 6-inch engine; the boiler has 6 square feet of 
grate, and the condenser 11 square feet of surface. At 315 revo- 
lutions the engine developed 13.8 I.H.P. The air pump is 2 
inches in diameter and 13 inches stroke, is vertical single acting. 
The air pump displacement, in cubic feet, per I.H.P., is .0622. 
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By tightening the joints on this keel condenser we got the vacuum 
up to 25, and for a short time 26 inches. The only difficulty is 
in insufficient joint surface, and the difficulty of access. 

The multiple expansion engine, having a less number of rods 
working in a pressure below the atmosphere, has much less 
chance of air leaks than had the single expansion engines, and 
should, therefore, be able to work with less air pump. But as 
air leaks are liable to occur, and as the pump is liable to get an 
overload of water at any time (from a priming boiler for example), 
it would be unsafe to diminish the size of the air pump, and par- 
ticularly of its valves, to a minimum. 

The first thought of a careful engineer, when the engine begins 
to race, is the safety of his pumps; at such a moment the boiler 
is more apt to foam than at any other time, thus increasing the 
danger. This is what led to independent air pumps. The inter- 
mittent, jerky motion of the independent air pump so resembled 
“racing” that we were at once ready to testify against it; the 
circulating pump was then loaded upon it to regulate it, and with 
immediate success. The first of these was designed by Passed 
Assistant Engineer Newton, and installed in the Wyandotte and 
class (monitors); a single vertical steam cylinder, actuating two 
beams, the one carrying two vertical single-acting air pumps and 
the other two vertical circulating pumps. These were better than 
some that are used to-day, in that their steam valves afforded 
sufficient egress for the exhaust steam. Many “ direct” pumps 
now in successful use are so cramped in the exhaust as to inter- 
pose a serious back pressure; this forcing the steam out of a 
cylinder, in addition to the legitimate work, increases the cost of 
the net power to a frightful -amount; the horse power required 
to work the pumps should not be reckoned in comparison with 
the power to work the main engine; it should be figured in 
pounds of feed water perhour. Independent pumps, actuated by 
steam thrown valves, will not make the same stroke at different 
velocities of piston. I have in mind a combined pump having a 
nominal stroke of 24 inches on its steam end. It had been in 
successful operation for 12 years before it came to me. I found 
it making 21} inches at its normal velocity ; by moving the tap- 
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Air and Circulating Pump 
U.S. S. Dolphin. 


20.25 


Indicated Horse Power. 


10 72 14 16 78 20 22 


Double Strokes per minute. 


2.44 
3.64 
425 
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16.67 
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pets I lengthened the stroke to 22} inches, when the pump 
would hesitate so long upon its centers that it was in danger of 
stopping. Then by speeding it up it would overrun this stroke. 
The enormous clearance spaces at each end of the cylinder, at 
each stroke of the piston, can readily be imagined. And yet it 
was unsafe to make further effort, for should the ship, in heavy 
rolling, throw the injection opening (which was well upon the 
turn of the bilge) out of water, this pump would have overrun its 
stroke, and probably knocked out a cylinder head. 

The disabling of the air and circulating pump would disable 
the motive power of the ship. A record of the stroke may be 
of interest: At 10 double strokes per minute it made 212; at 16, 
214; at 18, 22; at 20, 22}, and at 24 double strokes, 22} inches. 
The indicated horses required to run this independent air and 
circulating pump do not vary in any direct proportion. 

The illustration shows the speed and power curve of the com- 
bined pump of the Dolphin, which has been reckoned as one of 
the very best of its kind. The normal speed of this pump is 
about 14 double strokes a minute, or about 56 feet velocity of 
piston ; the steam follows the piston to the end of the stroke, 
and the throttle is necessarily kept nearly closed. At this speed, 
the indicated horse power amounts to about 9.1. To develop 
this power with a rotative engine, at a piston speed of 300 
feet a minute, a compound engine with 4 and 8-inch cylinders 
would do the work with the pressure carried in the boilers of 
the Dolphin, instead of the single 22-inch diameter cylinder now 
employed. Connections are made in the Do/phin, and in other 
ships, for exhausting the steam from this pumping engine into 
the receiver, as a matter of economy, and it has been asked (more 
frequently by pump builders than by sea-going engineers) why 
this connection was so seldom used. The reason is plain; the 
pump is started before the engine, and must, therefore, be ex- 
hausted directly into the condenser; when the engine is running, 
the ship is in free route, the exhaust may be changed, but it re- 
quires at least three men, as one must attend to each of the two 
exhaust valves and one the main throttle. Now, let us suppose 
a signal comes to stop; the pump will stop automatically, as the 
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receiver pressure will bank up from the pump exhaust and from 
the bleeder, and the result is a hot condenser. The time of stop- 
ping in a war vessel cannot be ascertained nor even guessed at. 
No sensible engineer would jeopardize the handling of the engine 
even for this saving. It would be better to compound these 
pumps, or at least to reduce the sizes of their steam cylinders. 

The directly-connected air pump presents itself conspicuously 
as superior in saving weight, power and attendance. The pump 
Mr. Bailey has designed seems to admit of high speed, and the 
danger from racing is, therefore, eliminated. Practically, the 
pump valves which get out of order are, in nine cases out of ten, 
the suction valves; these also he has eliminated. Slow working 
engines profit by independent pumps, as the vacuum affords such 
assistance in starting ; but with high pressure high speed engines 
the vacuum is “ picked up” so quickly that I doubt if the differ- 
ence, in practice, would be appreciable. 


Passed Assistant Engineer F. H. Bailey, U. S. Navy.—It 
is certainly very gratifying to see the amount of interest which 
has been taken in this subject, as shown by the valuable discus- 
sion which it has brought forth. 

Upon most points there seems to be a substantial agreement, 
but on one or two there is quite a difference of opinion. The 
greatest difference is the relative merits of the crank and fly 
wheel pumps compared with the direct acting ones. So far as 
the ratio of pump I.H.P. to that of the main engines, or the dis- 
placement of pump piston per I.H.P. of main engines is con- 
cerned, the tables do not show up at all well for the crank and 
fly wheel pump. It should, however, be borne in mind that 
these pumps were designed before their peculiarities had been 
well studied, and it was necessary to run them much faster than 
was desirable in order to keep them from stopping. It seems to 
me that the pump is entirely independent of its motive power, and 
that the same air pump piston displacement ought to give the 
same vacuum with a given engine whether the pump is attached 
to the main engine or driven from an independent engine directly 


* or by means of a crank and fly wheel, provided, of course, that 
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the piston speed is not too high for that particular pump. By 
adding up the capacities of the pump cylinders per minute, and 
dividing it by the sum of the I.H.P. of the pumps we get, for the 
crank and fly wheel pumps an average of 26.9 and for the direct 
acting pumps we get 22.3. From this we would conclude that 
for pump cylinders of equal capacities, or for pumps of suitable 
sizes for the main engines, the power required to drive them 
would be practically constant, whether the pump was driven 
directly or by means of a crank and fly wheel. 

The Olympia’s pump shows what can be done. The same 
thing can be done with two cylinders instead of three, but the 
pump would use a little more steam, as the valve setting would 
have to be different and not so good. This is shown by the Sax 
Francisco's pump. As originally built it was liable to stop at 
times, and it was considered necessary to run it at least 90 turns 
per minute to keep it going. Its valves were altered, and a 
heavier rim added to its fly wheels. Now it can be run from 3 
revolutions per minute up, without danger of stopping. 

The fly wheel gives a steadier motion to the pump the faster 
it runs, and that is what we want. Irregular motion is safe at 
low speeds, for the blow which the piston strikes upon the water 
is too light to do any harm, but without a fly wheel it would be 
unsafe to run a pump at the speeds given in the table for some 
of the fly wheel pumps therein shown. The gain in economy 
of the fly wheel pump is in its steadier motion. It does not 
stop at the end and “fill up” with steam. Whether this gain is of 
sufficient importance to merit its adoption, must be determined 
by the circumstances of that particular case. 

The cheapest power is to be obtained from the main engines, 
and here it is often advisable to attach the pump, but in a man-of- 
war, where there is a good deal of manceuvring done, it will be 
necessary to attach another small air pump to the circulating 
pump (as was done in Gundoat No. 7) or resort to some other 
device to keep the condenser clear of water when the engines are 
standing still and the bleeder is being used. 

One gentleman has spoken of the trouble which arises from 
letting the auxiliaries exhaust into the receiver instead of directly 
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into the condenser. I think the gain is sufficient to warrant it 
in almost all cases. The arrangement for changing the exhaust 
into the condenser must have been very complex, or else so many 
men would not have been needed. The arrangement on the C/z- 
cago was very much better. There it was only necessary to open 
the valve admitting the exhaust directly into the condenser suf- 
ficiently to prevent the receiver pressure from rising too high. 
This valve was usually worked by the oiler, but it was near 
enough to the starting platform to permit of its being worked 
when necessary by the same man who worked the engine. 
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ACCIDENT TO THE MACHINERY OF LA GASCOGNE. 


On her last voyage to New York, the French steamer Za 
‘Gascogne, when three days out from Havre, sustained an accident 
to her engines which delayed her arrival upwards of a week and 
caused great anxiety for her safety. The accident happened on 
the 29th of January, and she reached Sandy Hook on the night 
of the 11th of February. 

To fully understand the accident and the nature of the repairs 
made to enable the ship to make port, it is necessary to state that 
she has one six-cylinder quadruple expansion engine, with the 
cylinders placed tandem and operating three cranks. There is 
one high pressure, two first intermediate, one second interme- 
diate, and two low pressure cylinders. The second intermediate 
is placed between the low pressure cylinders, and the high and 
the two first intermediate cylinders above them, the high pressure 
over the forward low pressure, and the first intermediates over 
the second intermediate and after low pressure cylinders. The 
piston of the second intermediate cylinder broke across, and as it 
would have been impossible to remove it from the cylinder, it 
was decided to throw out the center pair of cylinders, consisting 
of one of the first intermediate and the second intermediate cyl- 
inder, and to run with the remaining four cylinders on two cranks 
as a triple expansion engine. To do this it was necessary to dis- 
connect the connecting rod and firmly secure the cross-head of 
the disabled engine so as to keep it from doing damage on ac- 
count of the rolling of the ship. Then the steam valve of the 
second intermediate cylinder was taken out and a blank flange 
put on the exhaust pipe from the high pressure to the steam 
chest of the forward of the first intermediate cylinders, and one 
on its exhaust pipe to the second intermediate, so as to shut off the 
first intermediate cylinder. As thus arranged, the steam, after 
leaving the high pressure, went to the after first intermediate 
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cylinder, and from there to the low pressure cylinders, passing 
through the second intermediate, which acted merely as an en- 
largement of the low pressure steam chests. 

The repairs were completed in about eighteen hours, during 
heavy weather, and when the engine was again started the speed 
was reduced from 62, the revolutions before the accident occurred, 
to 35, with which she logged 66 miles up to noon of January 30, 
and 215, 255, 280 and 213 miles on January 31, February 1, 2 
and 3, respectively. On the following day, a violent storm was 
encountered, and to add to the discomfort of everybody it became 
necessary to again stop the engines on account of the over heat- 
ing of the after crank pin brasses and the consequent running of the 
white metal, remove the brasses, and put in the spare ones. This 
was a very trying task under the circumstances, as the spare 
brasses had to be refitted, but after working for forty-one hours 
it was accomplished and the engines once more started, but at a 
still lower speed than before, on account of the spare brasses not 
fitting well and the difficulty of keeping them cool. However, 
she managed to keep on under her own engine, and reached 
Sandy Hook on the night of February 11. After arrival, the 
work of fitting the new piston, and of putting the engine in good 
condition once more was taken in hand by the Morgan Iron 
Works and completed on the 16th of February. 

- Great credit is due Chief Engineer Eugene Martin, of Za 
Gascogne, for the successful manner in which he and his force, 
working under such unfavorable conditions, completed the ar- 
rangements and thus enabled the ship to reach port. While this 
accident was not of so serious a character as the breaking of 
the thrust shaft of the Uméria, the extremely bad weather which 
prevailed at the time rendered the work of remedying the defect 
much more laborious and vexatious, and the engineer force is to 
be congratulated on its successful accomplishment. 


TESTS OF THROTTLING CALORIMETERS. 


Professor D. S. Jacobus of Stevens Institute, Hoboken, N. J., 
read a paper on this subject before the American Society of 
Mechanical Engineers, of which the following is an abstract. 
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The tests were preliminary to an investigation undertaken for 
the Babcock and Wilcox Co. by Professor Denton, to determine 
the conditions under which throttling calorimeters applied to a 
steam main are reliable means of determining the average amount 
of moisture in the total quantity of steam flowing through it. 

The results of the experiments tend to confirm the opinion 
that the indication of these instruments may greatly exaggerate 
the amount of moisture, and that the degree of inaccuracy de- 
pends upon the local conditions. 

If a nozzle closed at the inner end, and perforated with a num- 
ber of small holes in its cylindrical surface, is employed, the 
calorimeter will ordinarily indicate too high a percentage of 
moisture, as shown in the table. 

These results show that other devices than perforated nozzles 
should be employed to obtain an average sample of steam, and 
tests are in progress to determine the efficiency of an arrange- 
ment devised by Professor Denton, which consists of a tube 
passing through a stuffing-box, and so arranged that it may be 
moved to any position across the pipe under a full head of steam. 
The tube has an open end, and there are no side holes. This 
arrangement allows determinations to be made at all depths. 

The nozzles were all of half-inch pipe, and were of the follow- 
ing forms: 

Nozzle No. 1 contained twelve holes drilled along four equi- 
distant lines parallel to the center line of the pipe. The centers 
of the four holes nearest to the outlet were about three-quarters 
of an inch from the inner surface of the three-inch pipe when the 
nozzle was screwed into place. The holes drilled along each 
line were about three-quarters of an inch apart. 

Nozzle No. 2 was of the same form as No. 1, except that the 
holes were one-eighth inch in diameter, and the holes nearest the 
outlet were within three-eighths of an inch of the inner surface 
of the pipe when the nozzle was screwed into position. 

Nozzle No. 3 contained six holes seven-thirty-seconds of an 
inch in diameter, drilled along two lines parallel to the center 
of the pipe and opposite each other. When in position the plane 
in which the holes were drilled was horizontal. The holes were 
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three-quarters of an inch from each other, as in nozzles Nos. 1 
and 2. 

No. 4 is a special form of nozzle, in which a slot was cut about 
one-quarter of an inch wide and one inch long. This slot was 
placed so as to be at the center of the three-inch pipe. When 
the slot was turned so that the current of steam struck directly 
against it, the percentage of moisture indicated by the calorimeter 
was less than the true amount, and when turned so that it was 
away from the current the percentage of moisture was greater 
than the true amount. When placed at right angles to the cur- 
rent, an intermediate result was obtained, which was greater 
than the true amount of moisture. These experiments tend to: 
show that the water which strikes a nozzle clings to it and 
passes around it so as to be drawn inward by the currents of 
steam entering the apertures. The nozzles were made with long 
threads, so that all the portion projecting into the three-inch 
steam pipe was threaded. All were closed at their inner ends. 

To measure the amount of superheat in the steam the ther- 
mometer was placed in a special form of mercury well, having a 
bulb at its lower extremity, and provided with a very thin neck 
leading from this bulb to the outside of the pipe. The large 
bulb combined with the thin neck overcomes the error intro- 
duced by conduction of the pipe to the well, which in a well of 
a three-eighths-of-an-inch pipe, four inches long, amounts to. 
about four degrees Fahr. This large error occurs only in the 
case of superheated steam. 

To obtain the value of one degree of superheat measured in 
this way, including all radiation effects, the following method 
was employed: The entire amount of steam flowing through the 
three-inch pipe was throttled after passing by the calorimeter 
nozzle, and the temperature of the steam at low pressure was 
measured after it entered the twelve inch drum. The tempera- 
ture of the superheated steam was measured before and after 
throttling, no water being injected. The temperature before 
throttling was measured in a six-inch crum placed just before 
the point where the water was injected in the regular tests, so 
that the entire effect of radiation was included. All portions of 
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the apparatus were well covered with hair felt. This method of 
allowing for the initial superheating of the steam was checked 
up to the limit of moisture that could be indicated by superheat- 
ing in the twelve-inch drum, and was found to agree within one- 
fifth of one per cent. 

Whenever the amount of moisture was low enough to cause 
the steam in the twelve-inch drum to be superheated, the per- 
centages obtained by weighing, given in Table I, were checked 
by the percentages obtained by calculation from the superheat. 

The basis of pressure was a plug device which was loaded 
with weights so as to correspond to the required pressures. The 
plug was one-half inch in diameter, and the hole in the bushing 
into which it was fitted was 0.5005 inch. Both the plug and the 
bushing were ground true, and were the work of the Pratt & 
Whitney Company. The readings obtained with this plug were 
checked by the square-inch knife-edge piece device of the Ash- 
croft Company and by a mercury column. 

To standardize the thermometers they were placed in the mer- 
cury wells in which they were used, or in similar ones, and sub- 
jected to a known pressure of saturated steam. The corrections 
were made by employing Regnault’s values for the temperature 
of saturated steam, so that the final readings correspond to the 
temperatures by an air thermometer. In general, if the entire 
column of mercury in the thermometer is heated, the reading in- 
dicated by the same will be too high; whereas, if a large portion 
of the column of mercury contained in the stem is not heated, 
the reading will be too low. 

The radiation of the Barrus calorimeter was determined by 
passing superheated steam through it. The separator portion 
was filled with water to a given height in the glass, and the tem- 
perature of the superheated steam was adjusted so that the water 
level remained constant in the glass. If the water increased in 
height, the temperature of the entering steam was increased so as 
to re-evaporate some of the water; and if it fell too low, the tem- 
perature of the steam was decreased. The tests were extended 
over several hours. An average of the loss of superheat repre- 
sents the losses by radiation. To determine the radiation of the 
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heat gauge portion, the orifice was removed and superheated 
steam was passed through the apparatus at the same rate as if 
the orifice had been present. In this case the loss of superheat 
also represents the loss by radiation. 

The true percentage of moisture was determined as follows: 
A known weight of water at a temperature of about 65° Fahr. 
was injected into a three-inch pipe, and traveled along with the 
steam for a distance of about eight feet into a three-inch Stratton 
separator. After leaving the separator the steam passed through 
a three-inch horizontal nipple six inches long into a twelve-inch 
drum four feet long. A valve between the nipple and twelve-— 
inch drum was used to throttle the steam so as to obtain the 
desired rate of flow and maintain a pressure in the twelve-inch 
drum equal to about that of the atmosphere. The steam flowed 
from the twelve-inch drum through a system of piping into a 
surface condenser, and was finally weighed. The calorimeter 
nozzle was tapped into the three-inch nipple between the throt- 
tling valve and the separator at a distance of about three inches 
from the separator. The steam was turned at right angles in 
passing from the separator to the outlet pipe, so that the experi- 
ments correspond to placing calorimeters in a horizontal pipe 
near an elbow. The drip pipe of the separator was closed, and 
the water rose to such a height in the separator that it mingled 
with the steam passing from the same. This arrangement was 
adopted in order to obtain a thorough mixture of the steam and 
water. 

A constant amount of moisture was maintained by taking 
weighings of the condensed steam and water every five minutes, 
and regulating the flow of water to a uniform rate. A continu- 
ous record was preserved, and only that portion where uniform 
conditions were maintained was employed in calculating the final, 
results. The average length of such selected intervals was about 
twenty-five minutes, so that five readings of weights were used 
in calculating the results of each test. The readings of temper- 
atures were made every two and one-half minutes. 
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COMPARISON OF ACTUAL PERCENTAGES OF MOISTURE WITH AMOUNTS INDI- 
CATED BY A THROTTLING CALORIMETER; STEAM PASSING THROUGH A 
THREE-INCH HORIZONTAL PIPE. 


S se 
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Vertical nozzle No. 1 with 12 holes 43-in. diameter.....| 4 1788 | 
5 2003 | 80 31.8 19.1 | Sg 
é 80 47-9. | 36.5 gs 
Vertical nozzle No. 2 with 12 holes }-in. diameter ...... | 
9 1538 | 80 6.3 | 23 83 
10 1586 | 80 8.4 | 32 § 
Horizontal nozzle No. 3 with 6 holes ,-in. diameter...| | ‘5 2 
13 1745 | 80 37-4 | 23.0 | & bo 
14 2187 | 80 49.9 | 37-2 3 
15 Nozzle No. 4. Slot away from Current .......00seeceeseeeee 1577 | 80 5.6 | 1.0 | & 
16 Nozzle No. 4. Slot toward current 1576 | 80 o8 | a 
17. Nozzle No. 4. Slot at right angles to current ............ 1578 | 80 2.5 1.2 | 


*In these tests the calorimeter was not attached to the same horizontal pipe as in the others, but 
to the pipe leading to the separator, and within about one foot of it, and the conditions were such 
that it is probable that moisture ran along the bottom of the pipe and entered the lower holes of the 
nozzle. 


THE BRITISH SHIPBUILDING PROGRAMME. 


The new shipbuilding programme provides for four first-class, 
four second-class and two third-class cruisers, twenty torpedo 
gunboats, and twenty torpedo boat destroyers. The first-class 
cruisers are to be improved A/enheims, and will be about 400 
feet long, and have engines of 25,000 I.H.P., for a speed of 22 
knots. The second-class cruisers will be improved Za/bots, which 
latter are of 5,600 tons displacement, and they will have engines 
of 9,600 I.H.P., for a speed of 19} knots. The torpedo gunboats 
will be larger than the Dryad class, and in all the new vessels a 
marked increase is made in the boiler power. The contract 
speed for the torpedo boat destroyers is to be 29 knots. 
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FRENCH WARSHIP BUILDING IN 1895. 


From.the ‘‘ London Times.”’ 


In the years 1890 and 1891 the Superior Council of the French 
navy deliberated upon and laid down a tactical composition for 
the fleet, and, in accordance with the proposals then made, what 
was known as the “decennial programme” was adopted by the 
Naval Department at the close of 1891, but never expressly 
submitted for the sanction of Parliament. Within ten years 
eighty-two new vessels were to be laid down to take the place of 
as many which were deemed obsolescent, torpedo craft not being 
included. There were to be ten battleships, one “ coast-defence”’ 
armor-clad, nine first-class cruisers, nineteen others of the second- 
class, and seventeen of the third-class, four torpedo transports, 
two torpedo depot ships, five torpedo catchers, eight despatch 
vessels, and seven gunboats. The year 1895 should therefore 
have seen the thirty-third of the vessels of this programme in 
hand, but in practice and, according to the proposals of the 
committee and the Minister, twenty-six only will then have been 
laid down. Moreover, the tactical composition adopted appears 
to have been departed from in some particulars, and the “decennial 
programme” may be considered to have been definitely aban- 


doned. 
The financial proposals of 1895 were submitted by Admiral 


Lefebvre, then Minister of Marine, last March, and it was forecast 
that the list of ships to be laid down would be restricted, the loss 
falling chiefly upon the private yards. A change of ministry 
ensued, and M. Félix Faure found himself confronted by a diffi- 
cult financial situation. He projected to defer until 1896 the 
payment of certain sums for new constructions which would 
probably have fallen upon 1895, but this proposal was not ac- 
cepted by the committee, and the estimates were revised anew. 
The building programme as at first presented, described as the 
“Btat P,” was a remarkable document—chiefly, indeed, for its 
negative character. It proposed to adjourn a une épogue indét- 
erminée, or, in other words, to the Greek Kalends, twenty-one ves- 
sels which had appeared in the estimates of 1894, and among them 
the battleship Henri Quatre, which has often been spoken of as 
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actually in hand. The ships to be laid down were a new battle- 
ship, described as “A7,” the first-class cruiser Jeanne d’Arc, 
which had long been deferred, a first-class despatch vessel, and 
certain torpedo boats. This restricted scheme was not to the 
mind of M. Faure, and still less to that of M. Brisson, who had 
been deputed to report upon the estimates. In 1891 M. Brisson 
discharged the same office in a remarkable manner. He made 
proposals of so drastic and withal so impracticable a nature that 
the Minister declined to accept his dictation, whereupon he re- 
signed and was replaced by M. Cochery. As a member of the 
extra Parliamentary Commisson on naval affairs, M. Brisson has 
since learned much, and his report upon the estimates of 1895 is 
a volume of 600 pages, filled with instructive matter. In regard 
to the revised building program of the year, he is at length in 
accord with the Minister, and there is no reason to doubt that the 
proposals will receive the sanction of the Chamber. The cruiser 
Jeanne d' Are now goes the way of the Henri Quatre, and none 
of the ships indefinitely postponed are reinserted; but, on the 
other hand, certain new vessels are placed in the list, which 
give the proposals an extension that would almost have satisfied 
the framers of the decennial scheme. The following, then, are 
the vessels of the shipbuilding program of 1895: 

To be built in the State dockyards: 

A battleship, “47,” at Brest, to be completed in 1899. No par- 
ticulars are published concerning this ship, but she will probably 
be a sister of the St. Louzs and Charlemagne, for the estimated cost 
is the same—27,513,366francs. Displacement, 11,232 tons; I.H.P., 
14,000; nominal speed, 18 knots; armament, four 11.8-inch guns, 
ten 5.5-inch quick-firers, six 3.9-inch quick-firers, and many 
smaller. 

A station despatch vessel, “ S2,” to be completed in 1897, for 
foreign service, for which the plans have been approved. Dis- 
placement, 1,243 tons; length, 223 feet; beam, 34 feet; d’Allest 
boilers admitting of 2,200 horse power; speed, 15 knots; range, 
4,000 miles at 10 knots ; armament, thirteen quick-firers. 

To be built in private yards: 

Two first-class cruisers of a new type, described as croiseurs 
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corsaires, which are inspired by the American “commerce de- 
stroyers.” The plans are not decided upon, but the avant-projet 
discloses the principal features. Displacement, 8,500 to 8,800 
tons; length, 426 feet; beam, $9 feet ; vertical engines, supplied 
by multitubular boilers, developing 26,000 horse power and driv- 
ing three screws, which are to give a maximum speed of 23 
knots; coal supply, 1,450 tons, permitting a range of 7,500 miles 
at 12 knots; armament, 18 quick-firers; complement, 35 officers 
and 590 men. The cost of each cruiser is given as 18,369,130 
francs. 

Second-class crusier “ £4,” designed by M. Tissier, and to be 
completed in 1898. She is intended for colonial service, and will 
be of steel, planked and coppered. The displacement will be 
4,055 tons, the length 321 feet 6 inches, and the beam 44 feet 6 
inches. Vertical engines, supplied by Belleville boilers, will de- 
velop 9,000 horse power and give a maximum speed of 19 knots. 
A coal supply of 571 tons will permit a range of 6,000 miles at 
10 knots, and of 1,000 miles at full speed. The armament will 
consist of thirty-two quick-firers, with two torpedo tubes. The 
total cost of the cruiser is estimated at 8,233,125 francs, and she 
will carry 14 officers and 370 men. 

Two third-class cruisers “ Kz” and “ X2,” for colonial service, 
planked and coppered, and to be completed in 1896. The dis- 
placement of each will be 1,756 tons, the length 246 feet, and 
the beam 35 feet 6 inches. The engines, supplied by d’Allest 
boilers, will develop 3,150 horse power, and give a speed of 16 
knots. The bunkers will contain 270 tons of coal, permitting a 
range of 5,000 miles at 10 knots, and of 1,350 miles at full speed. 
The armament will consist of seventeen quick-firers. The cost 
of each cruiser is estimated at 4,307,403 francs, and the comple- 
ment of each will be 13 officers and 186 men. 

Two seagoing torpedo boats Mangini and Tenare, of the 
Aquilon type, to be delivered in 1896. Each will displace 120 
tons, and be 138 feet long by 14 feet 6 inches beam. Normand 
boilers and engines of 2,000-horse power will give a speed of 25 
knots, and the range of action will be 1,800 miles at 10 knots, 
or 200 miles at extreme speed. Each boat will have two torpedo 
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. tubes, and will carry a couple of 1.85 inch guns. The cost of 
each will be 659,438 francs. 

Five first-class torpedo boats, to be completed in 1896, 80 
tons, 121 feet long, engines 1,450 horse power, speed 22} knots, 
range 1,300 miles at 10 knots, two tubes and two 1.45-inch guns. 
Cost of each boat 415,014 francs. 

Five 14-ton aluminum torpedo boats, 59 feet 5 inches long, 
for the torpedo transport Foudre, like the “C,” which was built 
by Messrs. Yarrow, at Poplar. The cost of each will be 136,000 
francs. 

It deserves to be noted, moreover, as significant of national 
policy, that France is building many cruisers specially designed 
for service on foreign stations; and the laying down of a couple 
of croiseurs corsaires betrays her intention to betake herself once 
again to the guerre de course. It is a policy which, in the hands 
of a weaker power, has never given victory, but it has always 
resulted in the infliction of immense loss upon the adversary. 
The gross sum now proposed by the minister to be spent upon 
shipbuilding, guns and torpedoes in 1895, is 86,104,529 francs, 
or, in round figures, 43,444,200. The total number of vessels 
in hand will be eighty-four, viz., twelve battleships (including 
three described as for “coast defense”), twenty-five cruisers, 
four dispatch vessels, one gunboat, forty-one torpedo boats, and 
one submarine boat, of which twenty-three will be under con- 
struction in the state yards, and the rest (including the torpedo 
craft) in private establishments. But of this number of eighty- 
four it is expected that forty-nine will be completed or be under 
trial before the close of 1895, though about this there is some 
uncertainty. The trials of the Jauréguiberry, Tréhouart, Bugeaud, 
Foudre, Bruix, Descartes, Cassini and Casabianca are put down 
for that year. In 1896 the fleet is expected to receive the battle- 
ships Charles Martel and Carnot, the protected cruiser Pothuau, 
the second-class cruisers D’Assas and Duchayla, and three third- 
class cruisers; and in 1897 the battleships Masséna and Bouvet, 
the first-class cruiser D'Entrecasteaux, the second-class cruisers 
Catinat, Pascal and Cassard, and the third-class cruiser Lavoisier, 
besides smaller vessels. 
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RECENT TRIALS OF FRENCH CRUISERS. 


From the ‘‘ London Times.”’ 


Some French cruisers have lately been giving unsatisfactory 
results at their trials. The Latouche-Tréville (4,660 tons), an 
armored cruiser, sister of the Bruix, Charner and Chanzy, has so 
far greatly disappointed those who built much upon the type of 
a powerfully armed and protected vessel of small displacement. 
She has been built from plans prepared by the French Admiralty, 
but it was discovered that her boilers would not stand the forced 
draft pressure contemplated. Accordingly many modifications 
were introduced, and she was fitted for new trials at Cherbourg. 
In the preliminary trials, however, she failed to develop more 
than 6,400 horse power, instead of the 8,000 anticipated ; and, 
at the same time, the heat in the stokeholds became unbear- 
able. She has, therefore, been docked afresh for further altera- 
tions. There are unsatisfactory reports also of the Chanzy, at 
Rochefort ; but the Charner, though the ventilation of her stoke- 
holds was defective, promises better, and it is hoped that the 
Bruix, the last of the type, will gain by the experience of her 
sisters. These vessels resemble, in many particulars, the unfor- 
tunate Dupuy de Léme (6,600 tons), from which such great things 
were expected. This remarkable cruiser, furnished with three 
screws, and what is practically a complete coating of armor, gave 
disastrous results at her first trials in 1892, and the whole of her 
boiler tubes were changed. She should have developed 14,000 
horse power with 140 revolutions, and steamed at 20 knots. In 
effect a speed of 18.7 knots has been attained with 13,000 horse 
power and 134 revolutions, but the trials were interrupted by the 
fusion of an eccentric, and, during a later trial, the boilers so far 
gave way that a disaster was narrowly avoided. Extensive altera- 
tions then became necessary, and the cruiser is now undergoing 
further trial. Of smaller, unarmored cruisers, the Fleurus, which 
was expected to join the Northern (Channel) Squadron, has re- 
cently turned out so unfortunately that she has been placed in 
the second category of the reserve at Cherbourg. Small defects 
had appeared in her earlier trials, but it was hoped these had 
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been made good. However, after a four hours’ run at Cherbourg, 
during the present month, with 4,000 horse power, her aftermost 
boilers showed signs of giving way, and, when she reached the 
anchorage, her forward boilers were leaking so badly that the 
fires had to be withdrawn hastily in order to prevent a disaster. 
The boilers, which are of the French Admiralty type, are to be 
changed. 


EVAPORATIVE TEST OF BOILERS OF THE HERMIONE. 


Two of the boilers of the British cruiser Hermione were re- 
cently subjected to an evaporative test, with the following results: 


Coal per square foot of grate wos, 20 28 
Water evaporated per pound of Coal.. ....4. 8.44 8.09 7.86 
Coal per I.H.P.. 2.58 2.59 2.56 


These two boilers are of the single-ended return fire tube type, 
and contain 137.8 square feet of grate and 3,860 of heating sur- 
face ; they are three-furnace boilers, with a separate combustion 
chamber for each furnace. There are eight of them in the ves- 
sel. The engines are of the triple expansion type, and on the 
official trial developed 9,264 I:H.P. under forced draft. 
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UNITED STATES. 


Torpedo Boats Nos. 3,4 and 5.—The bids for the construction 
of these boats were opened February Igth, those received being 


as follows: 


Crass 1.—(Department’s plan.) 


one at 148,000 
Fulton Engineering & Shipbuilding Co. two at 145,000 each. 
two at 137,000 each. 
three at 136,000 each. 
three at 115,900 each. 
two at 129,000 each, 
three at 120,000 each. 
CLass 2.—(Contractor’s plans.) 
Columbian Iron Works and Dry Dock Company........ .....000+ one at $107,000 
two at 103,000 each. 
three at 97,500 each, 
three at 126,000 each, 
three at 115,667 each. 
two at 120,000 each. 
three at 116,000 each. 


Special, 240 tons, 28 knots, 243,000 
Herreshoff Manufacturing Company...... I, 2 OF 3 at 
I, 2 or 3 at 


113,850 each, 
138,000 each. 


It is understood that the bid of the Columbian Iron Works 


was intended to have been made under Class 1. 


The bids of 


the Herreshoff Manufacturing Company are one for a steel hull, 
and the other for a bronze and aluminum hull, tough bronze for 
the under water portions and aluminum for the upper works and 
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bulkheads. Similarly, the highest bids of Hugh Ramsay are for 
bronze hulls, and the lowest for one of steel. 

As it will take considerable time to examine all the plans 
submitted under Class 2, it is probable that the award will not be 
made for several weeks. 

AUSTRIA. 


Kaiserin und Konigin Maria Theresia —This armored cruiser 
was built at Trieste, and her trials completed during the latter 
part of 1894. She is a twin-screw vessel, with a double bottom 
and two military masts. 

Her. principal dimensions are— 


Length between perpendiculars, feet ........ 367.46 
Breadth, extreme, at water line, feet... 53-15 

Displacement, tons...... 5,185 


She has an armored citadel 207 feet long, with a turret at each 
end of it, and a conning tower near each turret; the armor on 
the citadel, turrets and redoubts being 4 inches, and that on the 
conning towers 2 inches thick. The protective deck is 14 inches 
thick at the center and 2}.0n the slopes. The main battery con- 
sists of two 9.45-inch guns mounted in the turrets, and eight 
6-inch guns, four of which are mounted in the redoubts of the 
battery deck, and the remainder on the upper deck ; and the sec- 
ondary battery of twenty-two rapid fire and machine guns. She 
has four fixed torpedo tubes. Her engines are horizontal, of the 
triple expansion type, with cylinders 35.4, 51.5 and 78.7 inches 
in diameter and 41.3 inches stroke, and were designed to develop 
10,000 I.H.P. at 123 revolutions per minute, with a boiler pres- 
sure of 156 pounds. The valves are worked by Joy valve gear. 
There are four double-ended boilers, each with six furnaces, 
which contain 592 square feet of grate and 16,330 of heating sur- 
face ; and two single-ended two-furnace auxiliary boilers contain- 
ing 38.7 square feet of grate and 1,033 of heating surface. The 
screws are 15 feet in diameter, and the pitch of their blades adjust- 
able from 17 to 20 feet. 
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Her trials consisted of a run under natural draft for six hours, 
and one under forced draft for four hours. On the former she 
averaged 17.13 knots with 104 revolutions of the engines and 
5,880 [.H.P.; and on the latter 19.349 knots with 119 revolutions 
and 9,755 I.H.P., the air pressure varying from 14} to 2 inches. 
The maximum speed on this trial was 19.9 knots, with 123 revo- 
lutions and 10,300 I.H.P. 

BRAZIL. 


The Brazilian government has entered into contract with the 
Forges et Chantiers de la Mediterranée for the construction of 
two armored vessels of the following dimensions: 


Immersed midship section, square feet ....... 605 


They will each have two turrets with two 9.4-inch guns in 
each, besides four 4.7-inch, and eight smaller rapid fire guns and 
two 6-inch rifled mortars. They will have an armor belt and a 
protective deck. 

The engines will be of the triple expansion type, designed to 
develop 2,650 I.H.P. with natural draft and 3,400 with forced 
draft, the corresponding speed being respectively 13 and 14 


knots. 
CHILI. 


Blanco Encalada.—A short description of this cruiser was 
given on page 602 of the last volume of the JouRNAL, since which 
time a more extended description has appeared in “The En- 
gineer,” London, from which the following is taken: 

The conditions named in the contract were that, with the arm- 
ament and protection stated, a sheathed vessel not exceeding 
5,000 tons displacement should be constructed capable of 
carrying 350 tons of coal on a mean draught of 18} feet, and of 
making a speed of 22.5 knots with forced and 20.5 with natural 
draft. As built and tried, her principal characteristics are— 
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Coal carried on above displacement, toms cose 350 


Her armament consists of two 8-inch, ten 6-inch rapid fire, 
twelve 3-pounders, ten 1-pounders, and five torpedo tubes. The 
8-inch and 6-inch guns are protected by shields 3 inches thick, 
and are of 40 calibers length and of the latest Elswick pattern. 
The 8-inch guns are mounted one forward on the upper deck 
and one aft. The ten 6-inch guns are mounted in sponsons on 
the upper deck, two capable of firing right ahead and two right 
astern, so that one 8 inch and two 6-inch can be directed right 
ahead or astern, and two 8-inch and five 6-inch can fire through 
an arc of at least 100 degrees on either beam, not counting the 
3-pounder and 1-pounder Hotchkiss guns. Owing to the simple 
and handy breech mechanism of the 8-inch guns, and the admir- 
able arrangements for bringing the powder from the magazines 
to the guns, the 8-inch as well as the 6-inch may fairly claim to 
be called quick-firing, seeing that during the gunnery trials four 
rounds were fired from one of the 8-inch in just over one minute, a 
hitherto unequalled performance ina gun of this size. The 8-inch 
guns can penetrate 18 inches, and the 6-inch guns 15.6-inches 
of steel. The 3-pounder guns are placed, eight on the bulwarks 
and four between decks, two forward and two aft. The I-pound- 
ers are six of them in the military tops, and four on the shelters. 

The five torpedo tubes, which are for discharging 18-inch 
torpedoes, are all situated above water in three torpedo rooms ; 
one being a fixed tube firing right forward through the stem, 
and four training through an angle of 60 degrees, firing two on 
each broadside, and placed in two torpedo rooms on the lower 
deck before and abaft the machinery spaces. Owing to the great 
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length of the tubes necessary for firing these large 18-inch torpe- 
does, they are made with a joint and hinge a little abaft the 
middle of each tube, to facilitate training and loading. The tubes 
fitted, are of the new Elswick design, and are arranged to use 
cordite as the impulsive agent. The experiments made with 
this new arrangement have given most satisfactory results, and 
have proved that the velocities obtained with cordite impulse are 
even more uniform than those when compressed air is used. By 
an ingenious contrivance the pressure can be very carefully regu- 
lated, and it is found that the high velocity of over 50 feet per 
second is obtained with a pressure of 35 pounds in the tube. 
The cordite is burned in a chamber formed in the door of the 
torpedo tube, and it is so arranged that it cannot be fired unless 
the door is properly secured, a point which has hardly received 
sufficient attention in the service tubes. The whole contrivance 
is exceedingly simple, and can be worked by any blue jacket, and 
there is nothing to get out of order. Other great advantages in 
the use of cordite are that there is no smoke or noise, air accumu- 
lators, pipes and valves are all done away with, and there is prac- 
tically no fouling of the tube. At the gunnery trials torpedoes 
were fired from each of the broadside tubes. 

Her protection consists of a complete steel deck extending 
from stem to stern, having a thickness of 1? inches on the hori- 
zontal portion, which is 18 inches above the load water line, and 
the sloping portions at the side are from 3 inches ‘to 4 inches in 
thickness, and are carried to a depth of 4 feet 3 inches below the 
load water line. At the ends of the ship this deck slopes down- 
wards, ending below water at each extremity, furnishing aft 
admirable protection to the steering gear and rudder head, and 
forward being brought down to the ram casting and securely 
fastened to it, greatly adding to the strength of the ram, and 
tending to distribute the shock of ramming over the whole of 
this heavy deck, and thus throughout the entire structure of the 
ship. It is scarcely necessary to say that this armor deck com- 
pletely covers and protects all the main engines, boilers, maga- 
zines and steering gear, as well as other spaces devoted to stores, 
&c., at the ends of the ship. Wherever the armor deck is cut to 
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form a hatch or other necessary opening, armor bars or shutters 
are provided, which can be closed down in action; coffer-dams 
are also worked round all openings to a height of at least 4 feet 
above the water, greatly reducing the chance of water getting 
below, if the deck ever became flooded. In action the commander 
has the shelter of a conning tower built of steel armor 6 inches in 
thickness, from which an armored tube conveys the rods from the 
steering wheel situated in the conning tower, telegraphs, &c., to 
a position of safety below the protective deck. 

The Blanco Encalada was commenced on September 30th, 1892, 
when the first keel plates were laid. The outside plating was 
completed in June, 1893, and the ship launched on the gth of 
September, 1893, less than one year from the date of her com- 
mencement. She was finally completed in July, 1894. 

Her framing is a combination of the transverse and longitu- 
dinal systems. She is built with a cellular double-bottom ex- 
tending throughout the space occupied by the engines and boilers, 
and carried on to the ends in the form of magazine and other 
flats. The double bottom is divided into numerous water-tight 
compartments, which can be utilized for water ballast, or as re- 
serve feed tanks; and the longitudinal bulkheads to the side coal 
bunkers carry the inner bottom right up to the protective deck, 
so that with the coal bunkers above this deck, which extend over 
about half the length of the ship amidships, she can be said to 
have a double side over her whole main portion from the keel 
to a height of 6 feet above water. This and the subdivision of 
the vessel throughout into a very large number of water-tight 
compartments by means of transverse and longitudinal bulk- 
heads, greatly minimizes the chance of her being sunk in action. 
All the bulkheads below the protective deck are, where it is ab- 
solutely necessary to have communication, fitted with water-tight 
doors which can be closed from the main deck, and have auto- 
matic means of indicating whether they are open or shut. 

The powerful ram alluded to above is a great feature of the 
Blanco, projecting 8 feet beyond the point where the stem cuts 
the water line and with its spur about 9g feet below the surface. 
It is made of a strong casting of phosphor bronze, as are also 
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the stern post casting and the struts for supporting the ends of 
the twin propeller shafts. The rudder is hung upon a short but 
very strong stern post, which is its axis, and projects below this 
and also in front, so that it is really a balanced rudder. The 
great advantage claimed for this form of rudder is that it enables 
a large portion of the so-called dead wood to be cut away, thus 
greatly reducing the lateral resistance of the vessel to turning. 

The keel stops some 60 feet before the rudder, and abaft this 
the lower boundary line of the vessel follows approximately the 
level of the propeller shafts. There are thus some 70 or 80 feet 
of the vessel overhanging when she is docked, and special care 
has been taken to provide for the strains brought upon her struc- 
ture. 

The wood used for sheathing is the best teak, of a minimum 
thickness of 3} inches, and this is fastened to the shell with bolts 
of naval brass. In the region of the stem thicker plates of naval 
brass are substituted for the copper, where the chafe of the anchor 
is likely to cause great wear and tear. 

She is fitted with a steering gear specially designed and made 
at Elswick, and which has worked very well in other cruisers of 
similar type. Owing to the fineness of the lines aft, and to the 
fact that the steering gear had to be kept entirely under the pro- 
tective deck, which is here brought below the load water line, 
the space available for the rudder crosshead was very limited, 
and only just over 4 feet in width; and the rods connecting the 
crosshead to the tiller had to be very long, measuring 24 feet, 
before sufficient space was found for the movement of the tiller. 
These rods have to pass through a water-tight bulkhead, and to 
allow for the lateral motion of the rods, specially designed stuff- 
ing boxes had to be fitted which could slide on the bulkhead as 
the rods moved nearer or farther from the center line of the ship 
in the process of steering. The tiller is fitted with a modified 
form of the Rapson slide, and is worked by a chain passing over 
two sheaves, one at each side of the ship, and round a sprocket 
wheel situated below, and turned directly by the steam steering 
engine. This engine is of sufficient power to move the tiller 
from hard over on one side to hard over on the other—through 
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an angle of 38 degrees each way—in thirty seconds when the 
ship is going at full speed. Arrangements are made, in case of 
emergency, for rapidly substituting hand gear for the steam gear, 
and vice versa. The hand steering wheel is under the after shel- 
ter on the upper deck, and there are wheels in connection with 
the steam gear on the forward bridge, in the conning tower, and 
in a compartment forward ina safe position below the protective 
deck. 

Besides smaller anchors, the Blanco Encalada is provided with 
four of 50 cwt.each. These anchors are stockless, and of Hall’s 
patent type, stowing in the mouth of the hawse pipes. The gear 
for working the anchors and chain cables, consists of a four-lifter 
windlass, which was placed in a box sunk below the level of the 
upper deck sufficiently to admit of the forward 8-inch gun being 
fired over it. The windlass is worked by a steam engine, and 
placed on the main deck, and the gearing is so contrived that at 
any time the windlass can be worked by hand if necessary. 
Warping drums are also fitted, which can be worked with the 
windlass or independently. An auxiliary boiler is fitted on board 
for the purpose of supplying steam to the auxiliary engines, 
winches, &c., when there is no steam up in the main boilers. 
This boiler is of the vertical type, and is placed in a separate 
compartment on the lower deck. 

She carries a 60-foot second-class torpedo boat, built by 
White, of Cowes, fitted for a 14-inch torpedo and a 3-pounder 
rapid fire gun. A 25 ton derrick is fitted to the mainmast for 
hoisting this boat in and out. She also carries a steam launch. 

The whole ship is lighted throughout by electricity, between 
400 and 500 incandescent lamps being necessary for the pur- 
pose. These are supplied from two dynamos, situated in a space 
over the main engine room. The dynamos supply the current 
for the three search lights which are placed, two on the forward 
bridge, and one on theafter shelter, and are each of 20,000 candle- 
power. The masthead and side lights are fitted to use oil or 
electric lights, and oil lamps are provided in the engine room 
and stokehold, in addition to the electric light. 

The engineer’s workshop is situated in a convenient position 
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on the lower deck forward, and is fitted up with a screw-cutting 
lathe, planing and punching machines, grindstones, &c. 

The ventilation of all compartments above the protective deck 
is obtained by natural means; but artificial ventilation is required 
for some of the compartments below, and fans are provided for 
the purpose. Wherever an aperture occurs in a bulkhead to 
admit of ventilation between two adjacent water tight compart- 
ments below the protective deck, automatic stop valves are fitted 
to prevent the flow of water in case one of the compartments 
becomes filled. The pumping arrangements and fire service are 
most complete, and besides the main steam pumps there are two 
7-inch Downton’s hand pumps and two 53-inch Downton’s. 
Altogether more than 2,000 tons of water could be pumped out 
of the ship in an hour. 

Two strong steel masts are provided, each carrying two mili- 
tary tops, which carry I-pounder and machine guns. A light 
fore-and-aft rig is provided, and on the foremast is a yard for 
signalling purposes. 

The officers’ quarters are arranged aft under the upper deck. 
The captain has a saloon, a dining room, and two sleeping cab- 
ins. The ward room is placed just aft of the engine hatch, on 
the starboard side, and is a very fine room, about 30 feet long by 
24 feet wide. The crew, which numbers 250 men, are accom- 
modated on the main deck forward, and some on the lower deck. 
Their quarters are provided with messing and sleeping arrange- 
ments for the whole number. 

The engines, designed by Humphreys and Tennant, are of the 
four cylinder triple expansion type, and are similar to those of 
the Yoshino and Nueve de Julio by the same firm. The cylinders 
are 40, 60 and 66 inches in diameter, there being two of the 
latter, and have a stroke of piston of 30inches. The main steam 
valves are treble ported slides, fitted with relief rings, and are 
worked by Stephenson link motion. The bed plates are of cast 
steel bolted direct to the engine keelsons. The cylinders are 
supported on steel pillars at the front and by Y frames at the back. 

There are two condensers for each engine, one on each side of 
the low pressure cylinders, the four condensers for both engines 
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containing 14,000 square feet of cooling surface. The tubes are 
7 feet 1} inches long and 3 inch in diameter, and are so arranged 
that the steam passes through them and the water around them. 
There is one centrifugal circulating pump for each pair of con- 
densers; it is operated by a vertical engine with cylinder 13 
inches diameter and 12 inches stroke, and both are so connected 
that either pump can be used on the condensers of one or both 
engines. The air pumps, one for each condenser, are 13} inches 
in diameter and 30 inches stroke, and each pair is worked from 
the after low pressure piston. 
There is an auxiliary condenser in each engine room. 
For all the working parts forged steel is used, the top end 
pins of the connecting rods being case hardened. The crank 
shafts are made in two parts, the cranks on each shaft being 
opposite, so that when bolted together the four cranks are at 
angles of 90 degrees with each other. Owing to the vessel being 
sheathed, the whole of the shafting outside is encased in brass. 
Each propeller is fitted with three blades of manganese bronze ; 
gun metal is used for the boss. The screws are 13 feet g inches 
in diameter and have a mean pitch of 15 feet 4 inches. 
There are two boiler rooms, each containing two double ended 
boilers 14 feet 9} inches in diameter and Ig feet 2 inches long, 
each fitted with four furnaces. They are worked on the closed 
stokehold system of forced draft, eight fans being fitted for the 
purpose. 
On the forced draft trial, with a piston speed of 850 feet per 
minute, the I.H.P. developed by the engines was 14,500, and 
with natural draft 11,000. 


ENGLAND. 


Magnificent—This first-class battle ship was floated out of 
dock at Chatham dockyard on the 1gth of December, and is the 
first of a new type of which seven are now under construction. 
The principal particulars of the design are: 
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Displacement at above draught, 14,900 


Coal carried on draught of 27.5 feet, tons ... goo 
Weight of hull, armor and backing, toms........ 10,180 


The armament consists of four 12-inch guns mounted ex dar- 
bette; twelve 6-inch rapid fire guns in armored casemates, four 
on the upper and eight on the main deck; sixteen 12-pounder, 
and twelve 3-pounder rapid fire guns, eight .45-inch Maxim 
guns, and two 12-pounder boat and field guns. In addition to 
this, there will be four submerged torpedo tubes and one above 
water tube at the stern, all for 18-inch Whitehead torpedoes. 

The armor is 14 inches thick on the barbettes, 9 inches on the 
belt, and 6 inches on the casemates, while the protective deck 
varies in thickness from 23 to 4 inches. The 14-inch and g-inch 
plates are Harveyized. 

A comparison of the armament and armor of the Magnificent 
with that of the Royal Sovereign class shows that 12-inch guns 
have been substituted for 13} inch ones, and that they are carried 
about four feet higher, or about 27 feet above the water line; that 
there are twelve 6-inch guns instead of ten, and that the pro- 
tection of them has been carried out more completely, and that 
12-pounders have been substituted for 6-pounders. 

It is in the disposition of the armor that the greatest difference 
exists. That of the Royal Sovereign is compound and that of the 
Magnificent Harveyized. The Magnificent shows a very large 
area of side protection; in fact, the ship may be described as side 
armored in contradistinction to the term belted. In the Royal 
Sovereign a belt of armor, having a maximum thickness of 18 
inches, extended over two-thirds the length of the vessel, joining 
the two barbettes. This belt had a vertical extension of 8} feet. 
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Above this belt, to a height of about 9} feet above water, was 
placed 5-inch armor for a great part of the length, to afford protec- 
tion to the secondary armament. In the Magnificent there are two 
pear-shaped barbettes as in the Royal Sovereign, and on the side 
of the ship there are two tiers of armor plates 9 inches thick. 
These form a protected side extending about 10 feet above the 
water-line and about 6 feet below, extending fore and aft, wrap- 
ping round the two pear-shaped barbettes and protecting their 
lower parts, thus forming a central citadel extending over a greater 
part of the ship’s length. There is thus a vertical extension of 
about 16 feet of armor g inches thick in place of the 18-inch and’ 
5-inch armor in the Royal Sovereign class. The change bears 
evidence to the growing appreciation of the value of rapid fire and’ 
high explosive shells, as well, perhaps, as advance in the manu- 
facture of armor plates. Whereas a few years ago the warship 
designer devoted most of his capital in displacement to a thick 
armored belt of small area designed to prevent penetration by 
the few heavy projectiles, he now fears rather the rapid destruc- 
tion of large areas of side by smaller shot and shell projected 
with immense rapidity. 

Within the armored citadel, is the thickest portion of the 
armored deck, where it is 3 inches on the flat and 4 inches 
upon the curved sloping edges. Forward and aft, beyond the 
armored bulkheads, the armored deck is 2} inches thick at its 
stoutest part. An important modification has, however, been 
made in the armored deck. In all earlier battle ships, the outer 
edge of this deck is at the summit of the thick armor belt. In 
the Magnificent, it curves downward behind the vertical armor, 
and the lower edges of the two harmonize, as well as the outer 
edges of the forward and after armored decks, thus bringing the 
whole to a uniform level of about 5 or 6 feet below the armored 
deck. 

The triangular space above the deck where it dips below 
the water will be filled with some water-excluding substance, so 
that if the side is pierced and the deck remains uninjured water 
will not flow in. The usual armor shelf for supporting the side 
armor is not necessary with this arrangement, as the bottom edge 
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of the vertical armor rests on the outer extremity of the deck. 
The support to the side armor is very efficient. It consists, firstly, 
of about 4 inches of teak, at the back of which are two thicknesses 
of skin plating. The framing at the back of the armor consists 
of web frames about 15 inches deep, strengthened by reverse 
angles and spaced two feet apart. These frames extend verti- 
cally from the main deck, past the middle deck, to the lower edge 
of the armored deck, being attached to the deck beams by large 
bracket plates, the whole forming a very strong structure. The 
side armor is secured in the usual way, being fastened to the 
structure of the ship by special bolts, the nuts on which are set 
up on a sleeve washer into which India rubber is introduced to 
give elasticity, and thus prevent the bolt being broken off at the 
thread under the impact of shot. 

The barbettes are built upon the citadel ends of the armored 
deck, and are to be plated with 14-inch Harveyized steel. Upon 
their summits will be revolving armored decks, hoods of suffi- 
cient capacity to hold the gun detachments working the guns by 
manual power, and as the barbettes are pear shaped in plan, there 
will be room within the thin ends for the ordinary ammunition 
hoists and ramming gear required for fixed loading positions. 

There are two conning towers, both on the shelter deck; the 
forward one protected by 14-inch and the after one with 3-inch 
armor. 

There is an axial ammunition hoist coming up between the 
guns in the barbettes so that the charge can be brought up from 
the magazines with the guns in any position. This central hoist 
is in addition to the fixed position. 

The guns are trained and elevated by hydraulic power, but 
hand gear is also fitted. 

A notable feature is two long passages on each side of the 
ship, and passing over engine and boiler rooms so as to give 
access to the magazines. These passages are suspended under 
the armored deck. In the Royal Sovereign there is but one 
passage, which is central, for giving access from end to end in- 
side the citadel, but below water. In the latter vessel, however, 
there is a central magazine between the boilers, which does not 
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exist in the Magnificent, where separate magazines and shell 
rooms are built for each class of gun at each end of the ship. 

Bilge keels have been fitted for about two-thirds the length of 
the ship. They are about 3 feet deep, and formed of double 
plating with wood between in the usual manner. The ordinary 
bracket frame system has been followed in the double bottom, 
and Z-bars are used for frames outside the citadel: The average 
thickness of plating is 25 pounds amidships, tapering to 20 pounds 
at the ends. The outer keel-plate is 30 pounds, and the inner 
25 pounds. At the bow the plating is made up to about 3 inches 
thick from the attachment to the ram for about 15 feet to 20 feet aft. 

There are seven decks, namely, the platform deck, the lower 
deck, middle deck, main deck, upper deck, boat deck, and shelter 
deck, and above these are the bridges, the latter being at a 
height of 75 feet from the keel. The middle deck amidships 
and the lower deck at the ends of the vessel are protected by 
an armored deck, the average thickness of which is 3 inches. 
Some of the plates are 17 feet in length and 6} feet wide, weigh- 
ing nearly 3 tons. 

The stem weighs 30 tons, and the sternpost 8 tons. Both are 
steel castings. There are 48 separate compartments between the 
inner and outer bottoms, the total number of water-tight com- 
partments in the ship being 180; they are put into communica- 
tion with each other by 190 water-tight doors. 

The ventilating arrangements are necessarily somewhat com- 
plex, but the system has been very carefully thought out, there 
being 10 fans with engines attached. Care has been taken to 
protect all openings in the armored deck with armor gratings. 

The steering gear is of the Rapson slide pattern. The rudder 
is of the unbalanced type now usual in these vessels, and is of 
great area. There.is a steel casting of 14 tons, which forms the 
frame. The tiller is 20 feet long, the rudder head having to be 
kept low in the run of the vessel so as to be below the protective 
deck. This tiller weighs 4} tons. 

The ground tackle comprises seven anchors, three of which 
weigh 5 tons 15 hundredweight each. The main cables are 500 
fathoms in length. 
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For electric lighting there are three dynamos, each of 400 
amperes, the pressure being 80 volts. These work the search 
lights and incandescent lamps, of which there are 700, for 
the general illumination of the ship. There are two mil- 
itary masts, each fitted with two fighting tops, in which are 
placed three search lights and eight 3-pounder quick firing 
guns, 

The machinery of the Magnificent has been supplied by Messrs. 
John Penn & Sons, of Greenwich, and is very similar to that for 
the Crescent. The feature of novelty about the Maguificent’'s 
machinery is that induced draft is to be fitted, the fans being 
placed in the funnels. The trials of this vessel will be watched 
with interest on this account. 

The engines have no other special features of novelty. They 
are designed for 12,000 indicated horse power, induced draft, 
and 10,000 indicated horse power for natural draft, and are 
of the triple expansion vertical twin screw type, having cylin- 
ders 40, §9 and 88 inches in diameter, respectively, all with 51 
inches stroke. The high pressure cylinders are placed forward, 
and are fitted with piston valves, the intermediate and low pres- 
sure slide valve being of the double flat valve type. The cylinder 
covers, pistons and steam chest doors are of cast steel. The 
cylinders are carried on cast iron columns at the back and round 
forged steel columns at the front, the motion bars being attached 
to the back columns. The bed plates are of cast steel, strongly 
secured to bearers built in the ship. The piston and connecting 
rods are of Siemens-Martin steel, the piston rods being fitted 
with combination metallic packing. The crankshafts are hollow, 
of forged steel, in three separate pieces, the cranks being set at 
120 degrees apart. The surface condensers are made entirely of 
brass, the total cooling surface being 13,500 square feet. The 
circulating water is supplied by four 16-inch centrifugal pumps, 
made by the engine contractors. The reversing gear is of the 
ordinary link motion type, with solid bar links and adjustable 
working parts. Both steam and hand reversing gear are fitted. 
The air pumps are entirely of brass, and are worked from the 
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low pressure piston rod crossheads; they deliver into a feed 
tank which overflows into the ship’s fresh water reserve tanks. 

The propeller shafting is hollow, of forged steel 14? inches in 
diameter inboard and 16 inches in diameter outside the ship. 
The propellers are of gun metal, four bladed, and are 17 feet in 
diameter by 19 feet 9 inches pitch. 

The boilers are eight in number, of the marine return-tube 
type, 16 feet 1 inch in mean diameter and g feet 3 inches long, 
each containing four of Fox’s corrugated furnaces 3 feet 8 inches 
in mean diameter. They are of Siemens-Martin steel through- 
out, and are designed for a working pressure of 155 pounds per 
square inch, and a proof pressure of 245 pounds per square inch. 
The heating surface is 25,248 square feet, and the grate 855 
square feet. The main steam pipes are 14 inches in diameter, 
and made of steel; while all copper pipes of 6 inches and over 
are wound with copper wire for greater security. 

A Weir's evaporator and Kirkaldy’s distiller is fitted to each 
engine room. They will make together 180 gallons of fresh 
water per hour, while the evaporators can supply 400 gallons per 
hour to the auxiliary condensers. The last named are two in 
number, and are made entirely of brass, and fitted to condense 
the exhaust steam from all the auxiliary engines on board. 
There is a Weir’s feed engine in each engine room and a Weir’s 
auxiliary feed engine in each boiler room. Air compressing 
machinery is fitted in duplicate at each end of the vessel. Pow- 
erful boat hoisting engines will be supplied and fitted on the 
upper deck. 

Majestic.—A sister ship to the Magnificent was floated out of 
dock at Portsmouth on the 31st of January. She is practically 
a duplicate of the Magnificent. Her principal weights are: 
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Her machinery is by the Naval Construction and Armaments 
Company, Barrow-in-Furness, and is similar to that of the Mag- 
nificent. The engines are of the same size, and the boilers 16 
feet 4 inches diameter and Io feet 3 inches long, each with four 
furnaces and two combustion chambers. 

Ardent.—One of the torpedo boat destroyers built by Messrs. 
J. 1. Thornycroft and Co., similar to the Daring and Decoy, built 
by the same firm and described in the last volume of the JouRNAL. 
Her principal dimensions are: 


In general arrangement and in construction she is similar to 
the Daring, and has the same kind of machinery. The high 
pressure cylinders are 19, the intermediate 27, and the two low 
pressure cylinders of each set 27 inches in diameter, and the 
stroke 16 inches. The boilers contain slightly more heating 
surface than those of the Daring, due to the introduction of 
another row of tubes on the sides. This row is fitted just inside 
the two rows which form the casing, and the tubes are so spaced 


Receiver . 
| pressure. | Revolutions. 
Mean 
Number of run. Steam. | - 5 ac Time | Speed. | Speed. 
LP.iL.P.| Port. | board 
> 
Ibs. | Ibs. | in. | | m.s. | knots. | knots. 
Bes | 42 10 27 280 | 2977 248 | 21.429 \) 
2.. | 4 2 27 | 269 | 268 3 22 17. = | 19.275 
Se | 39 | 27 | 272 269 2 51.2 | 21.028 if 
With §-inch air pressure. 
160 80 24 | 26 355 | 35% 211.8 | 27.314 
| 167 84 27 26 370 | 368 2 19.6 7 7 
3 160 78 26 25 368 | 366 2 7.41 28.25 ‘J 
With 2-inch air pressure 
| 200 | 100 43 24 411 | 408 2 7.6 | 28.214 41) 
| 29+ 182 
2 407 || «405 504 30.151 |) 
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as to permit the gases of combustion to pass between them to 
the outer rows. 

A preliminary trial, consisting of measured mile runs, was 
made on the gth of November, the vessel not being at her trial 
displacement, when the results given on the preceding page were 
obtained. 

The I.H.P. in the last two runs is reported to have been nearly 
5,000. 

The official trial was run on the 15th of December under 
rather unfavorable weather conditions, the result of the runs on 
the mile being as follows: 


Revolutions. | Speed. 
Number of | Steam 
run. pressure. | Vacuum. | | | 
| | | Starboard. | Port. For run. | 1st mean. | 2d mean. Mean, 
393-8 | 397-1 25.352 
404. 400.7 | 25.825 27.901 
3901 | | 29 703 27.764 27-844 
| 398.9 | 402.9 | 25.825 27.833 27.789 | 
390-3 | 398.8 | 29.801 | 
| 


Following the runs on the mile came a run of three hours’ 
duration, during which the speed averaged 27.971 knots, and 
the I.H.P. 4,350, with 2? inches air pressure. It is estimated 
that the rough sea caused a reduction of one-quarter of a knot 
in the speed. 

Boxer.—A sister vessel to the Ardent, and constructed by 
Thornycroft and Co., was launched on the 28th of November. 
She had a preliminary trial on the 8th of January, the speed 
reported having been 29.314 knots on the measured mile. She 
had her contract load of 30 tons on board, and was down to her 
mean load draught of 7 feet 2 inches. 

The official trial was run on the 25th of Siesta with the fol- 
lowing results for the six measured mile runs made during the 
first hour of the trial : 
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Revolutions. 


| | | 
Number of run. | Speed. | rst mean. | 2d mean. Mean. 

| Starboard. | Port. | 

| | | 
400.3 29 364 | 
419.6 28.939 —— 29.224 | 
4°7.7 29.654 | 29.038 
406.0 27.907 | 28.956 |f 2997 
411.8 | 30.354 | | 29.088 | 
410.0 27-735 | 9-045 


On the remaining portion of the three-hour trial the steam 
pressure was maintained so steadily that the speed gradually 
increased as the vessel lightened, and at the conclusion of the 
trial it was found from the number of revolutions made that 
87.525 nautical miles had been covered, equivalent to a mean 
speed of 29.175 knots, which is more than a knot greater than 
has been made by any of the other vessels of this class, 

Shark.—Another vessel of this class, built by Messrs. J. and 
G. Thomson, had a preliminary trial in December, during which 
some of the tubes in her Normand boilers split, and several men 
were seriously scalded. 

Lynx.—After having completed her official trials she left Birk- 
enhead for Plymouth. Owing to boisterous weather she put 
into Holyhead the same night for shelter. She resumed her 
voyage on the following morning, and, notwithstanding the heavy 
seas running, maintained a speed of about 20 knots during the 
day. At about g p. m., when she was off the Cornish coast, the 
lookout man reported “ Breakers ahead.” The engines were re- 
versed, the watertight doors closed, and the vessel’s course 
altered. Before the orders could be executed the heavy seas 
and the wind together swept the Lyzx broadside on to the rocks 
of Sennen Cove, near Land’s End. She was in deep water again 
in about a minute, but not before she had sustained considerable 
damage, her plates throughout being strained. In going astern 
she struck another rock and knocked a hole in her stern, through 
which water entered and flooded the after compartment. In 
response to signals of distress from the Lyx, the Sennen Cove 
lifeboat and a number of fishing boats put off to her assistance. 
Owing to the large quantity of water which was rushing in, it 
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was decided to anchor in the cove for the night. The lifeboat 
and a fishing boat stood by until about 6 o’clock the following 
morning, when the Lyzx again proceeded on her voyage. 

On her arrival at Davenport an examination of her hull was 
made. The compartment which sustained the greatest damage 
was the ward room in which, notwithstanding the continuous 
working of the steam pumps, the water had risen to about 3 feet. 
A large quantity of water had also found its way into the fore 
stokehold and the after compartment. There was a hole in the 
bottom close to the keelson, under the ward room, about a foot 
long and from 1 to 3 inches in breadth. The propeller casing 
was twisted, and one of the shafts badly bent. It will be neces- 
sary to remove, twelve plates and to put in a new shaft. 

A somewhat similar accident subsequently happened to the 
sister vessel Ferret. 

FRANCE. 

Friant—This second class cruiser, a brief mention of whose 
trial was made on page 807 of the last number of the JouRNAL, 
has since been making her preliminary and official trials. Dur- 
ing one of her preliminary runs she made 15.312 knots on 3,500 
1.H.P., and with forced draft 18.5 knots with 8,200 .H.P. Her 
contract is for 19} knots and 9,000 I.H.P. 

Her first official trial was made on the 20th of December, with 
six of her twenty boilers in use. It lasted eight hours, the speed 
being 12 knots and the I.H.P. 1,600. A second one was made 
with all boilers under natural draft, and a third one under forced 
draft with about three-fourths boiler power, when she made 
upwards of 18 knots on something over 7,000 I.H.P. On the 
oth of January she made another effort under full boiler power 
to reach the contract power, but failed on account of hot bear- 
ings and the intense heat in the smoke pipes, ‘La Marine Fran- 
caise” stating that flame rose to a height of six feet above the top 
of the pipe; that the pipe was so burned that it fell over to an 
angle of 15 degrees, and would have fallen over altogether had 
the sea not been perfectly smooth, and that on account of this 
inclined position, and the intense heat, the top of the pipe was 
burnt off. 
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In appearance, the /riant resembles the /ean Bart, though she 
is smaller. She has three smoke pipes and two military masts, 
the latter being much shorter than those of the Jean Bart. Her 
battery comprises six 16-cm., and four 10-cm., besides twenty 
smaller caliber rapid fire guns. 

Interest in the Franz, from an engineering point of view, centers 
in her boilers, which are twenty in number and of the Niclausse 
type, designed to work at a pressure of 213 pounds. They are 
divided into three groups, one containing four and the others 
eight boilers each, each group being in a separate water tight 
compartment. The boilers of each group are placed back to 
back, with a fire room at each end. 

The principal data are: 


Smoke pipe, forward one, diameter, ad 6.20 
middle and after, diameter, feet ...... ...0.. coves 7-55 

height of all, 60 


Weight of boilers without uptakes, smoke pipes or water, tons...... ..e000-seee+ 199.42 

with uptakes and water, toms.......- ee coos 255-46 

duplicate parts of boilers, tons......... 7-15 


Her engines have cylinders 35.4, 53.5 and 77 inches diameter 
by 31.5 inches stroke. The condensing surface is 11,453 square 
feet. 

Latouche-Tréville.—This first-class cruiser has been undergoing 
trials for some time, but with rather unsatisfactory results, the 
last one being on the 21st of January, when for six hours she 
maintained 7,400 I.H.P., and made 18 knots, after which her 
condensers leaked so badly that she had to go to dockyard for 
repairs before undertaking the final trial under forced draft. 
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She is 347.7 feet long, 45.9 feet beam, and on a mean draught 
of 19.15 feet has a displacement of 4,669 tons. She has hori- 
zontal triple-expansion engines, designed for 9,000 I.H.P., steam 
for which is supplied by 16 Belleville boilers working at a pres- 
sure of 241 pounds. 

Fleurus.—After two unsuccessful trials, on the last of which 
three furnaces in her after boilers came down and the forward 
boilers leaked badly, it has been decided to remove the boilers 
and put in new ones. 

She is a torpedo cruiser of 1,285 tons, 229.6 feet long, 26.9 feet 
beam and 13.9 feet mean draught. She has four locomotive 
boilers and triple expansion engines designed for 4,000 I.H.P. 

Espiegle—One of eight stern wheel gunboats for service in 
Madagascar, built by the Forges et Chantiers de la Seyne. She 
has a flat bottom, and is built in six detachable sections, the pur- 
pose being to transport her by steamer and to bolt the several 
sections together afloat, which can be done in three days. 

She is 82 feet long, 18 feet beam, draws 16 inches of water, 
and has a displacement of 40 tons Her engines are of 50 I.H.P., 
and on trial gave her a speed of 63 knots with 46 revolutions of 
the wheel. She mounts two 37-mm. rapid fire guns. 

The other boats of this type are named Precieuse, Zélie, Rusée, 
Poursuivante, Eclatante, Impetucuse and [nsolente. 


ITALY. 


Sardegna—Though classed as a battleship, this vessel comes 
properly in the class of armored cruisers. She combines a 
light armor belt, great displacement, high speed, and a heavy 
battery, and is of the following dimensions: 


Length between perpendiculars, feet... eee 410.55 


Her belt, which extends about 280 feet in length, is 4 inches 
thick, and runs to the upper deck. Above this deck, for the 
length of the belt, is an unarmored citadel, at each end of which 
is a turret protected by 13.8 inches of armor, and in which are 
two 34-cm. guns. Forward and abaft the belt the protective 
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deck is 3 inches thick. In addition to the heavy guns, she car- 
ries eight 6-inch and sixteen 4.7-inch, besides twenty-seven 
smaller caliber rapid fire guns, and five torpedo tubes. 

Her engines are of the vertical triple expansion type, built by 
Hawthorne, Guppy and Co., Naples. There are four of them, 
two on each shaft, the cranks of each set being at 120 degrees 
with each other, and all the steam valves worked by Marshall 
valve gear. The cylinders are 39, 59 and 88 inches in diameter 
by 51 inches stroke (the same size as the two engines in the 
English first-class cruisers and battleships), and the four engines 
were designed to develop 15,000 I.H.P. with natural and 22,500 
with forced draft. The air pumps are vertical single acting, and 
are worked by independent vertical compound engines. The 
condensing surface of the four condensers is 32,000 square feet. 
The boilers, eighteen in number, are placed in three watertight 
compartments, two forward and one abaft the engines; they are 
15 feet 6 inches diameter and Io feet long, with four furnaces 
each, and contain 1,340 square feet of grate and 36,717 of heat- 
ing surface. There are two smoke pipes, one for the two forward 
sets of boilers and one for the after one. The screw propellers 
are 20 feet in diameter and 21.5 feet pitch. 

On her preliminary trial she made 18.97 knots with natural 
draft, on 92.5 revolutions of the engines and 12,985 I.H.P.; and 
on the official trial, under like conditions, 19.06 knots, 94.8 revo- . 
lutions and 13,956 I.H.P., the displacement being 13,726 tons. 
On a preliminary forced draft trial, with 1 inch air pressure, she 
is reported to have made 20 knots for two hours on 17,260 I.H.P., 
but her official trial was a failure owing to the breaking down of 
the forced draft fans, and to trouble with the boilers. (From 
“Le Yacht.”) 

RUSSIA. 

Petropavlovsk.—This battleship was launched from the Neva 
dockyard on the 9th of November, and is a sister ship to the 
Poltava, \aunched three days earlier. Her dimensions are: 


Draught, mean, feet.. 26 
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The I.H.P. of her engines is 10,600 with natural draft, and 
with forced draft 13,500 is expected with very light air pressure. 
The machinery is by Hawthorne, Leslie and Co., Newcastle, Eng- 
land, and consists of twin screw triple expansion engines, having 
cylinders 44, 65 and 98 inches diameter by 51 inches stroke, to 
which steam is supplied by fourteen single ended boilers con- 
taining about 1,050 square feet of grate and 30,200 of heating 
surface. There are also two auxiliary boilers, containing about 
44 square feet of grate and 1,100 of heating surface. 

She has a belt of armor 16 inches thick at the center and 8 
inches at the ends, and a protective deck from 3 to 3.6 inches 
thick. Her battery comprises four 11.8-inch and eight 9.2-inch, 
besides sixteen rapid fire guns and six torpedo tubes. The 11.8- 
inch guns are mounted in two central turrets, one forward and 
the other aft, protected by 10 inches of armor, and the 9.2-inch 
guns in four broadside turrets protected by 5 inches of armor. 

Admiral Oushakoff—The general dimensions of this coast 
defense vessel were given on page 210 of the last volume, and 
the following additional particulars are now available. 

The machinery is by Messrs. Maudslay and Sons, London, and 
is of 5,000 I.H.P. with natural draft. The engines are twin screw 
triple expansion, with cylinders 31, 46 and 68 inches in diameter 
and 33 inches stroke. The framing and bed plates are of cast 
iron. The condensers have #-inch tubes, and contain 7,500 
square feet of cooling surface. The air pumps are worked from 
the low pressure crossheads, and are 28 inches in diameter and 
15 inches stroke. The screw propellers are three bladed, 13 feet 
in diameter, and with pitch adjustable from 13.25 to 15.25 feet 
The boilers are four in number, double ended, 13 feet in diam- 
eter and 18 feet long, and contain 24 corrugated furnaces 37} 
inches diameter and 6.5 feet long. The tubes are 3 inches diam- 
eter and 6.83 feet long, the total tube surface being 11,300, the 
total heating surface 13,700, and the grate surface 490 square 
feet. There are two smoke pipes 6.5 feet diameter and 80 feet 
high. The battery comprises four 10-inch and four 4.7-inch and 
twenty-four other rapid fire guns. 
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MERCHANT STEAMERS. 


The Harlan and Hollingsworth company, of Wilmington, 
Delaware, is building a single screw steamer for the Merchants’ 
and Miners’ Transportation Company, intended to run between 
Baltimore and Norfolk and Boston. ( She is in every way a dupli- 
cate of the Fairfax, built by the same firm in 1891 for this com- 
pany. Her dimensions are: 


Depth to third deck, feet...... sess 20 


She will have accommodation for 110 first class and a few 
second class passengers, and will be handsomely fitted and fur- 
nished. 

The fourth deck isa light hurricane deck, but has steel beams. 
On it are three house erections containing the social hall, rooms 
for first-class passengers, smoking room, ladies’ toilet rooms, and 
rooms for the engineers. On top of the forward house is the 
pilot house and captain’s room, all of which are finished in 
hard wood. The main saloon, which is finished in mahogany, 
is located aft of the engine space on the third deck, with a large 
stairway leading to the social hall above. On this deck are also 
located the galley and rooms for the cooks, oilers, and second- 
class passengers, with the crew in the extreme forward end. 

She is rigged as a schooner, having two pole masts with wire 
standing rigging, and is provided with the usual steam capstan 
steam steering gear, and electric light. 

The motive power consists of one vertical triple expansion 
engine with cylinders 28, 45 and 72inches diameter by 48 inches 
stroke, operating three cranks. The air, feed and bilge pumps 
are worked from the low pressure crosshead; the circulating 
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pump is of the centrifugal type and is run by an independent 
engine. The high and intermediate pressure cylinders are fitted 
with piston valves, and the low pressure with a slide valve, all 
worked by Stephenson link motion, and reversed by direct steam 
gear. 

The boilers are four in number, each with three corrugated 
furnaces, and built for working under natural draft at a pressure 
of 160 pounds per square inch. They are 13 feet 6 inches diam- 
eter and 11 feet 6 inches long, and contain 272 square feet of 
grate and 7,780 of heating surface. There is also an auxiliary 
boiler 7 feet diameter and 10 feet long, built also for a working 
pressure of 160 pounds per square inch. 

The vessel is intended for a speed of 15 knots at sea loaded. 
. The accompanying cards were taken from the engines of the 
Fairfax on the 21st of May, 1892, on her regular trip from Balti- 
more to Boston. On trial over the measured mile, with two- 
thirds power, she made a speed of 16 statute miles per hour with 
1,680 I.H.P., the displacement being 2,590 tons. 

New Lake Steamers—The Chicago Shipbuilding Company 
has closed a contract for the construction of two cargo steamers 
of the following dimensions: 


Carrying capacity on 14} feet draught, toms 
18 feet draught, tons cocees 


Although for different owners, the vessels will be built from 
exactly the same model and molds, at the same time, and in out- 
side form will be as much alike as it is possible to make two 
ships. With the exception that one vessel will have two masts 
and a water bottom 66 inches deep and the other three masts 
and a 60-inch water bottom, the internal arrangements, includ- 
ing position of engines and boilers, will also be precisely similar. 
One vessel will have two Scotch boilers with about 5,600 square 
feet of heating surface carrying a steam pressure of 180 pounds, 
and the other two Babcock and Wilcox marine boilers with 
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about 6,000 square feet of heating surface, carrying a pressure of 
200 pounds. The engines of both ships will be built by the 
Cleveland Ship Building Co., and will be of the ordinary direct- 
acting inverted triple expansion type, with three cranks, jet con- 
denser and connected air pump, and will be practically duplicates 
from the same patterns, except in the diameter of the high 
pressure cylinder, which for the ship with Scotch boilers will 
be 23 and for the Babcock and Wilcox boilers 22 inches, the 
other cylinders being 38 and 63 inches diameter in each engine, 
all with 40 inches stroke. The screw propellers will be dupli- 
cates. 

The power of these steamers is considered sufficient for a speed 
of 14 statute miles per hour. 

Through the courtesy of the Chicago Ship Building Co. it has 
been arranged that, as soon as these vessels are completed, they 
will be placed at the disposal of the Bureau of Steam Engineer- 
ing of the Navy Department for a test to determine the relative 
efficiency of the two types of boilers in use. 

Another similar steamer is under construction by the Cleve- 
land Ship Building Company. She is of the following dimen- 
sions: 


of keel, feet 

Beam, molded, feet 


Her engine has cylinders 23, 38 and 63 inches in diameter by 
40 inches stroke. Steam is supplied by two Scotch boilers 14 
feet in diameter and 13 feet long, each fitted with three 46-inch 
furnaces, and working at a pressure of 160 pounds. 

Northland —A sister vessel to the Northwest, described on 
page 212 of Volume VI, was launched from the works of the 
Globe Iron Works, Cleveland, Ohio, on the 5th of January. 

Norman.—This steamer, built by Harland and Wolff, Belfast, 
for the Union Company, and engaged in the trade between Eng- 
land and the Cape of Good Hope, a brief description of which 
was given given on page 834 of the last volume of the JourNAL, 
has recently been minutely described and illustrated in “ Engi- 
neering,” and the following is taken from that publication. 
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The Norman is a single screw vessel of the following dimen- 
sions: 


Board of Trade freeboard, summer, feet ....0. FO 

in fresh water, inches 7 
Draught, light, approximate, feet.... ..cccces 16.13 


She made several speed trials before her departure for the 
Cape, a mean of the results at two different speeds being: 


Starboard. 
Steam pressure at engines, POUNS........ cesses 175 
in first receiver, POUNS.. cesses 60 
in second receiver, Pounds, .....0.00 9 


On her first voyage she made the run to the Cape in 15 days 
19 hours net steaming time, which is equivalent to a mean speed 
of about 16.5 knots per hour. 

The Norman is typical of the Harland design. She has a 
straight stem, the forefoot is cut away as in the Teutonic and 
other vessels built recently at Belfast, the bar form of keel has 
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been used, the frames are of channel section, the shell plates 
are scarfed, the bulkheads have ’thwartship stiffeners, the pro- 
pellers overlap, and there is a rise of keel towards the stern to 
allow a freer flow of water to the propellers, while the deadwood 
of the ship is bossed out for the propeller tubes. The frames 
are at 30 inch intervals, and in the region of the machinery 
double channels are used, 7 inches by 3§ inches by 4% inches, 
while throughout there are longitudinal stringers 3 feet 9 inches 
apart. These are composed of two angles, with a stiffening plate, 
forming intercostals between the channel frames. The angles 
are 6} inches by 4} inches by } inch. Web frames about 3 feet 
deep are introduced at intervals between the bulkheads. The 
shell plating is for the most part ? inches, the vertical joints be- 
ing triple riveted and the longitudinals double riveted. At the 
extreme ends the frames are of reverse angle section. There is 
a double bottom right fore and aft. The space being 4 feet deep, 
except under the machinery, where it is 5 feet. This provides 
capacity for 1,067 tons of water ballast. 

There are nine water tight bulkheads, the first two compart- 
ments being given over to water ballast or trimming tanks, the 
next two to cargo, the fifth to cargo or for the stowage of reserve 
fuel. This compartment will hold 1,611 tons, so that in all 4,154 
tons of fuel may be carried, equal to steaming at full speed to 
the Cape and home. The next two compartments are taken up 
with two separate installations of boilers, and ’thwartship bunk- 
ers for each of the four stokeholds, these bunkers having capacity 
for 2,543 tons. The twin engines are in one compartment. In 
the fore end of the shaft tunnel, and thus immediately under 
control of the engineer, are the electric light and refrigerating 
machinery, the latter running in connection with chambers 
immediately above for 124 tons of perishable cargo. The after 
compartment, again, is given over to cargo. 

The Norman has five decks, the orlop, main or middle, upper, 
bridge and boat decks. The accommodation provided is for 250 
passengers in the first class, 100 in the second class, and 160 in 
the third class; but should there be a greater number offering 
at any time, equally good quarters could be provided for them, 
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and as a troop ship the Norman's capacity will be enormous. 
The first-class passengers are accommodated in the center of the 
ship, in the bridge deck house, where are the drawing and 
smoking saloons; on the upper deck house, where the dining 
room occupies the center of the ship; and on the middle deck, 
which is given over entirely to staterooms. The second-class 
passengers are accomodated immediately abaft the machinery, 
and the third-class passengers forward on the middle deck. The 
officers have their rooms on the boat deck, the engineers on the 
upper deck beside the machinery, the seamen in the forecastle, 
and the stewards, &c., in the poop. The rooms of the com- 
mander are immediately under the bridge. 

A novel method has been adopted of cooling the air sent into 
some of the public rooms, notably the drawing room. On the 
top of the chart house, which is immediately above the drawing 
room, there is a casing containing a number of pipes filled with 
cold brine sent direct in piping from the refrigerating machine. 
A Sturtevant fan, driven by a steam engine, draws fresh air from 
the atmosphere and forces it amongst the brine pipes, thence into 
the drawing room, so that the air is kept at a moderate tempera- 
ture even in the tropics. Many of the passages, again, are laid 
with India rubber tiles, } inch thick, which give the cool effect 
of mosaic tiles, and are free from that slipperiness which is a 
source of danger when the ship is swaying in a sea. 

The dining saloon is situated on the upper deck, between the 
funnels, and exactly in the center of the ship. It seats about 250 
passengers. Light and ventilation are secured not only by 
square portholes on either side, but by a large dome 20 feet by 
10 feet, and about 18 feet high from the floor level. 

The drawing room and library is an unusually large apart- 
ment, 36 feet long by 24 feet broad, the roof being 10 feet high, 
with a stained glass cupola. 

The promenade on the bridge deck for first class passengers 
extends for just over 250 feet, and it is protected by the boat 
deck above. There is a long well forward and a short well aft, 
principally for the hatches to the two cargo compartments for- 
ward and to the one aft. There is a large poop for the second 
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class passengers’ promenade. They likewise have access to the 
extensive area of the upper deck, where also third class passen- 
gers may promenade. 

Although the ship has been subdivided by water tight com- 
partments in accordance with the recommendation of the Parlia- 
mentary Bulkhead Committee, boats in excess of the Board of 
Trade demands have been provided, ten 28-foot boats and two 
26-foot boats, carried on the boat deck. 

The main engines are of the triple expansion type, inverted 
and direct acting, and work with steam at 176 pounds pressure. 
The cylinders are separate castings of cast iron. Liners are fitted, 
with flanges for bolting to the cylinders, but they are not used 
as steam jackets. The cylinder covers are of box section, the 
stuffing boxes being bushed with brass, but the upper ends of 
only the low pressure rods pass through the covers. Loose 
cast iron valve faces, secured with Muntz’s metal screws, are 
fitted to the low pressure cylinders, which have the ordinary 
double ported slide valves, while the high pressure and interme- 
diate cylinders have loose liners and piston valves. The cylin- 
der pistons are of cast steel, open and of conical section, with 
Ramsbottom rings, the high pressure piston rods having United 
States metallic packing, while the other rods have Beldam’s 
packing, which is also used for the valves. The valve rods are 
4} inches in diameter. The valves are of cast iron, worked by 
link motion and double eccentrics. These are of substantial 
construction, the quadrants having large bearing surfaces. The 
eccentric straps are of cast steel, fitted with white metal ; the top 
ends of the rods are fitted with brasses, while the pulleys are of 
cast iron. The go-ahead rod is straight, all the set being on the 
astern rod. The valve spindles are of steel, and balance pistons 
are fitted to the low pressure slide rod. The high pressure and 
intermediate pressure rods pass through a brass dome. The re- 
versing gear is of the ordinary Brown combined steam and hy- 
draulic type. The engines are fitted with Aspinwall’s governor, 
which is so set that with an abnormal speed it would operate the 
throttle valve. 

The piston and connecting rods are of forged steel, and the 
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crosshead gibs of cast iron lined with white metal, the guide 
being fitted for water circulation. The bed plates are of box 
section, having half-round recesses for shaft bushes and raised 
seats for cylindercolumns. The main bearing bushes, are of cast 
iron filled with white metal, the keeps being of hollow cast steel 
fitted with brass lubricating boxes. The floor of the engine room 
is about 2 feet 6 inches below the top of the bed plate. The col- 
umns for supporting the cylinders are of cast iron connected at 
the top by a fore-and-aft piece of box section. This is in addi- 
tion to the flanging together of the cylinders, and adds to the 
rigidity of the engine. The framing is hollow, and each affords 
capacity for the storage of 270 gallons of oil. A tap is provided 
at the bottom. 

The condenser is of cast iron, and is part of the back framing, 
as in usual practice. There are }-inch plates inside supporting 
the middle of the tubes. The tubes are of solid drawn brass, 
packed at each end with cotton cord and brass screwed glands. 
The tube plates are of solid rolled brass 1} inches thick, and the 
tube holes bored from the solid. All stays and fittings are of 
brass, with brass baffle plate under the exhaust to protect the 
tubes. The air pumps are worked by a lever from the crosshead 
of the intermediate engine, while the circulating pumps are of 
the centrifugal type run by a single cylinder engine working at 
a reduced steam pressure, but strong enough to stand the full 
boiler pressure. The disc is of gun metal and the spindle of 
manganese bronze. 

The propellers have bosses of cast steel, and three portable 
blades of manganese bronze. The thread of the screw on the 
shafts is on the opposite hand to the propellers, which both work 
outwards. 

The propellers overlap each other, the starboard shaft extend- 
ing fully 5 feet 6 inches further than the port shaft. Aft the ship 
is bossed out to the extent of 5 feet, so that the shaft is entirely 
within the ship. While the ordinary reverse angle frames take 
the ordinary curve to the keel, there are fitted to them short 
angle frames curved to a bulb shape to suit the diameter of the 
shaft, and on these latter frames the shell plating is riveted. 
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Moreover, the form of the stern framing is novel. It consists of 
a steel casting curved so that there will be a free flow of water 
to the propellers. 

All the shafting is of steel, the crank shafts in three inter- 
changeable sections, and a short section of line shafting fitted 
immediately forward of the propeller shaft so that the latter may 
be withdrawn inboard. 

The thrust is fitted with white metal in horseshoe collars, 
The screws are of manganese bronze and 3} inches in diameter, 
with brass nuts for adjustment, and the bosses are used for water 
service. Separate supporting bearings have been fitted on the 
brackets at each end of the thrust block, so arranged as to be 
readily removed and relined without lifting or disconnecting the 
shaft. 

The propeller shaft is covered with brass { inch thick at the 
outer and inner bearings, and 2 inch thick at the center. The 
stern tube is of cast iron, fixed into the sternpost by a nut out- 


side, and inside by a flange bolted to the bulkhead at the after 
peak, with cock and pipe leading to the gland. The outer and 
inner bearings are of brass, fitted with strips of lignum vite, 
with the end grain on the lower half, and with the grain on the 
upper half. 


Connecting rod, diameter, inches, top end ...... 
length, center to center, feet and inches 
Crosshead guides (26x234 inches), area, square inches......... 
Condenser tubes, number in each Condenser. ...... cesses 
diameter, inch 
thickness, No. 17 I. W. G., inch 
Condensing surface in each condenser, square feet ........ soe 
Air pumps, single acting, diameter, inches 
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Circulating pump, engine, diameter of cylinder, inches... -+- s+ 
bilge connection, diameter, inches.,...... 


length of journals, inches.. 
coupling flanges, diameter, inches............. 


bolts (9), diameter, inches. 

length of each section, feet and inches...... 

Crank pins, diameter, inches... 

length, inches... 

Line shaft, diameter, inches ...... 

length of journals (two in each section), inches ..... ..ccseses 

length of each of three sections, feet and inches.,,....... ...00 

short section, feet and inches......00 

Propeller shaft, diameter, inches .......++ 

distance between axes of shafts, feet and inches......... 

thickness of casing at bearings, inch 

between bearings, inch ...... 

length of after bearing, feet and inches...... ....00seseee 

distance between axes at after end, feet and inches ..... 

Stern tube, length of starboard, feet and inches 
port, feet and inches ... eevee 

between collars and in bearings, inches ......... 

thrust surface each shaft, square inches,..... 

length of shaft bearings (two), inches 

Thrust block, length, including bearing at each end, feet and inches... 

holding down bolts (thirty-two), diameter, inches......... 

Screw propeller, number Of 000.006 200 000 000 

pitch, adjustable between, feet and inches....... ..eccees 

as set on trial, feet and inches. .......00 «-se0s ceseesee 

helicoidal area, each screw, square feet....... 

diameter of boss, feet and inches 

length of boss, feet and inches 


making a total of thirty-six furnaces. 


The boilers are seven in number, five double and three single- 
ended, all of the same diameter, with three furnaces at each end, 
The boilers are arranged 
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in two water-tight compartments, each set with its own smoke 


pipe, the top of which is 94 feet above the lowest grate. 


There 
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are three double ended boilers in the forward compartment, and 
two double and two single-ended ones in the after compartment, 
the two latter being placed in the center. The fire rooms are 
open, but, in addition to the usual ventilators, there are fans on 
deck for ventilating the ship which discharge into the fire rooms. 

The ash hoists in the after fire rooms are of the ordinary type, 
while those forward are of the Seetype. The hopper into which 
the ashes are shoveled has been placed against the bunker bulk- 
head in the fire room. From the lower part there is a discharge 
pipe 6 inches in internal diameter extending upward, the height 
being 25 feet, so that the discharge opening is 4 feet above the 
load water line. At the bottom of the hopper there is an ejector 
and jet cock connected with a duplex double-acting pump, hav- 
ing cylinders 12 inches by 7 by 12 inches stroke, supplying the 
water to the jet at a pressure of about 180 pounds. On the jet 
cock being opened, a current of water in the discharge pipe is 
formed, and the ashes forced up the discharge pipe as fast as they 
are shoveled into the hopper. In the case of the Morman they 
were thrown 20 feet clear of the ship’s side. The objection for- 
merly raised to the bends wearing out has been met by the 
adoption of a special arrangement of replace plugs made of metal 
almost impervious to friction. 


BOILERS. 

Length of double ended, feet and inches.,...., 17-6 
thickness, ordinary (No. 7 S. W. G.), inch svete -176 

length over tube sheets, feet and inches ........ 


spacing horizontally and vertically, inches...... ....ss+«. + 
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Combustion chambers (common to each opposite furnace), depth, feet and 


Braces, longitudinal above tubes, number in €ach 18 

from combustion chamber to shell. ..... 12 

Rivets, diameter, in shell sheets, inches. ,,....... 


Forward in the engine room, in a recess leading into the stoke- 
hold, are four of Weir’s pumps with feed heater and filter, and 
here there is a wooden door for use on ordinary occasions, while 
the steel door is fitted with a rack, the shaft extending to the 
upper decks having a screw thread, but should it be desired to 
close the door quickly, there is an eccentric on the shaft with 
lever at top and bottom, so that the shaft and screw can be 
thrown out of gear, in which case the door will drop by its own 
weight, two independent air cylinders acting in such case as 
brakes. On the starboard side there are Weir’s evaporators on 
the orlop deck level, with a condenser for use in connection with 
winches and auxiliary machinery, Hocking’s feed heaters, ballast 
engine by Watson, of Newcastle, fresh water pump by Carruthers, 
of Glasgow. On the port side there is stowed away Thomson’s 
patent coupling for use on the main shaft in emergency. This 
coupling is made in three parts, and while there is a recess to fit 
over the ordinary coupling flanges, the ends can be firmly 
clamped together. On this side, also, are duplex feed donkey 
pumps, by Messrs. Harland and Wolff, and also bilge, or wash, or 
general tank pumps by Watson, which may discharge on deck, 
overboard, or in the sanitary tanks, drawing from the bilge or 
sea. 

There is also a duplex feed pump in the forward fire room. 
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There is one feed pump on each set of engines, of 6 inches 
diameter, and 28 inches stroke. The rams, valves, chests and 
valve seats are of brass. There is one bilge pump, too, on each 
engine, the bore being 6 inches and the stroke 28} inches. It 
has a galvanized wrought iron rose box at each end of the engine 
room. The ballast donkey pumps are of the Westminster type, 
and have steam cylinders 10 inches and water cylinder 12 inches 
in diameter by 12 inches stroke. They draw from each ballast 
tank or engine room bilges direct, and discharge overboard be- 
low the water line, or through the main or winch condenser. 
Weir’s pumps have a steam cylinder of 10 inches diameter and 
a water cylinder of 8 inches by 21 inches stroke. Weir’s evapo- 
rators are each of 25 tons capacity. The donkey engines have 
been fitted by Messrs. Harland and Wolffthemselves. They are 
of the duplex type, g inches and 6 inches in diameter by 10 inches 
stroke, the pump box, plungers, valves and seatings being of 
brass. They are almost universal in their suction and discharge. 
The pipes, for the most part, are of copper, those above 43 inches 
in diameter being solid drawn. The main steam pipes are lapped 
with 43-inch steel bands 5 inches to 6 inches apart. The maxi- 
mum length of the pipes is 10 feet. 

All the auxiliary machinery may exhaust into a separate con- 
denser, as already indicated, and this has a cooling surface of 
about 600 square feet. 

The steering gear is of the Wilson and Pirrie type. The 
engines are of the vertical high pressure type with piston valves, 
the diameter of cylinders being 9 inches and the stroke of piston 
10 inches. On the shaft is a worm geared to a manganese bronze 
wheel working ina horizontal plane on a vertical shaft, on which 
also there is a spur pinion working on the manganese bronze 
teeth of the quadrant fitted to the rudder head. The strong 
spiral springs are for taking up any shock conveyed from the 
rudder to the quadrant. These spiral springs are fitted up under 
compression in such a manner that whether the rudder is forced 
to port or starboard the springs are still further compressed, so 
that both are available for resisting the strain on the rudder. 
Neither is idle, no matter in which way the strain may come. 
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This steam steering engine is operated by shafting from the main 
bridge or from the poop, on which it is placed in a deck house. 
It can be readily thrown out of gear, whereupon the hand steer- 
ing gear works direct on to the rudder head. 

The vessel was supplied with a complete installation of elec- 
tric light. The generating machinery consists of three double 
acting compound engines of the vertical type, driving dynamos 
capable of maintaining continuously alight 300 16-candle power 
lamps. The cylinders are g} inches and 14# inches in diameter 
by 8} inches in length of stroke, and at 80 pounds of steam pres- 
sure they run at 250 revolutions per minute, indicating 40 horse 
power. The engines are provided with throttle valve governors, 
capable of adjustment by hand whilst running. The dynamos 
are of the inverted single horseshoe type, having drum wound 
armatures 15 inches in diameter. The total number of lights 
installed is 670, all of which are of 16-candle power, with the 
exception of those in the masthead and side lights, which are 
of 32-candle power, with double filaments for greater security 
against extinction. 

The switchboard in the engine room is of large proportions, 
with three massive main switches for the three dynamos, and the 
several distributing circuits mounted on a slate base. A feature 
of interest, new to ship lighting, is that the three compound- 
wound dynamos are run in parallel on the single-wire system ; 
each machine has its own ammeter, and by a special arrange- 
ment of the main switches the dynamo brushes are coupled 
together, as well as the terminals, which are connected to the 
omnibus bars. The whole ship is wired on the single-wire sys- 
tem; special precautions, however, were taken to prevent the 
compasses being affected by currents in their immediate neigh- 
borhood, and on the inspection and trial of the ship these pre- 
cautions were found to have entirely attained their object. Large 
use has been made of distributing boxes from which the light is 
supplied to the different staterooms; by this arrangement each 
lamp has its own separate fuses, and the necessity for joints in 
the wires is very largely avoided. 

The Norman is fitted with a complete refrigerating plant, of 
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the type constructed by Messrs. J. and E. Hall, Limited, of 
Dartford. The machine itself, which is placed in the space at 
the entrance of the tunnel between the shafts in the main engine 
room, is on the maker’s duplex system, consisting, in reality, of 
two complete machines, either of which is by itself capable of 
carrying out the entire work. These two refrigerating machines 
are so arranged that the steam cylinders can be made to drive 
either the one or the other, and thus a very considerable security 
is obtained as against asingle machine. The principle of Hall’s 
carbonic anhydride machine is so well known that we need 
hardly describe it here. It consists of the compression and lique- 
faction of a volatile gas, carbonic acid, which boils at an extremely 
low temperature, and constitutes a refrigerating medium giving 
the highest economy without any of the disadvantages attached 
to most of the liquefiable gases, which are of a poisonous or 
deleterious nature. By the action of the machine a large quan- 
tity of cold brine is circulated at a low temperature through the 
several cold chambers comprising the frozen meat room, which 
is maintained at 10 degrees of frost, there being separate rooms 
for keeping the fish and milk at about 12 degrees of frost. The 
vegetable room is maintained by its own circulation of brine at 
about four degrees above freezing point, whereas the fruit room 
can be regulated to whatever particular temperature may be 
necessary for the class of fruit constituting the cargo, and the 
arrangements are such that this temperature can be maintained 
with a variation not exceeding I degree or 2 degrees throughout 
the voyage and in all parts of the chamber. 

The cold air chambers in the Vorman are immediately above 
the refrigerating machinery. The floors and about 2 feet up the 
walls are 1 foot thick, covered with sheet lead, but the walls of 
the meat and thawing room are covered with white enameled 
tiles. The meat room has an area of 400 square feet, and a 
capacity of 2,800 cubic feet; the fish room has an area of 37} 
square feet, and a capacity of 2433 cubic feet; the milk room 
being of corresponding size, while the fruit room has a floor area 
of 373 square feet, and a capacity of 2,424 cubic feet. While 
having communication with the cargo hatches, all these rooms 
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are arranged to open in a large vestibule forming the thawing 
room, having a floor area of 373 square feet, with a capacity of 
2,424 cubic feet. The rooms are all 6 feet 6 inches high, and are 
plentifully fitted with racks. 

In connection with the cooling chamber a fan engine by 
Messrs. W. H. Allen, Son and Co. is used. This engine is of 
their new single.acting type, with the moving parts running in a 
bath of oil, and thus adapted for high speed work. The fan is 
capable of passing from 6,000 to 8,000 cubic feet of air per minute. 

Some of the more important weights of the machinery are: 


Tons. 
Each double ended boiler, complete, with water, fittings, etc....... coceee cooeee 120 
Water in each double ended boiler.. .......... 40.5 


Alma.—A sister vessel of the Columbia, mentioned on page 
839 of the last volume of the JouRNAL, and built also by Messrs. 
J. and G. Thomson for the London and South-Western Railway 
Company. She is 270 feet long, 34 feet beam, and has a gross 
tonnage of 1,145 tons. 

She has twin screw triple expansion engines, both in the same 
water tight compartment, with four cylinders 19, 29 and 314 
inches diameter and 30 inches stroke, which on the measured 
mile trial developed 3,740 ILH.P. The revolutions were 1g1 for 
the starboard and 192 for the port engine, the steam pressure 
160 pounds, and the vacuum 263 inches. The boilers have Serve 
tubes. 

On the measured mile the speed was 19.38 knots, and that for 
the six hours upwards of 18.5 knots. 

Sylvania.—A twin screw cargo and cattle steamer, built by 
the London and Glasgow Engineering Company for the Cunard 
Line, was launched on the 24th of January. She is intended for 
the trade between Liverpool and New York and Boston, and is 
expected to make a speed of 144 knots. 
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She is 460 feet long over all, 49 feet beam, 42.5 feet depth, and 
carries 6,500 tons dead weight. Her engines are of the triple 
expansion type, with cylinders 223, 36} and 60 inches diameter 
by 48 inches stroke, steam for which is supplied by two double- 
ended boilers working with Howden’s system of forced draft. 

Caledonia.—This, the latest Peninsular and Oriental steamer, 
was constructed by Messrs. Caird and Co., Greenock, Scotland, 
and is of the following dimensions : 


Her I.H.P. is 11,000, which, on a run from the Clyde to 
Queenstown, gave her a maximum speed of 18.2 knots. She 
has four masts and two funnels, and is fitted up for the accom- 
modation of 320 first and 150 second class passengers. 

Her engines are of the single screw triple expansion type with 
five cylinders driving three cranks, the cylinders farthest forward 
and farthest aft being tandem. That is, there are two high and 
two low pressure cylinders, and one intermediate pressure, and 
the high pressure cylinders are placed immediately above the 
low pressure. Their diameters are 33, 69 and 84 inches, respect- 
ively, and the stroke 72 inches. The high pressure piston valves 
are worked by rockshafts operated by the low pressure valve 
stems ; the intermediate valve also is of the piston type, and the 
low pressure a slide valve; all are operated by Stephenson link 
motion. 

The propeller is of manganese bronze, four bladed, with the 
pitch adjustable between 28.5 and 31.5 feet. 

Steam at 150 pounds pressure is supplied by three double and 
four single ended boilers, all 15 feet in diameter, the double 
ended boilers having six furnaces, and the single ended ones 
three, making thirty in all. The total grate and heating surfaces 
are, respectively, 598 and 24,010 square feet. 

She is lighted throughout by electricity, the plant consisting 
of three generating sets, each capable of 220 amperes at 105 
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volts. The engines are compound, 8 by 16 by Io inches stroke, 
and run at 220 revolutions per minute. The mains in the engine 
and boiler rooms are enclosed in iron pipes. The ship is used 
for the return circuit. 

Following are some of the particulars of the machinery : 


Diameter of H.P. cylinders (2), inches...... 33 
diameter over collars, inches... ...... seve 28} 


Alleghany.—A new steamer built for the Atlas Steamship 
Company by Messrs. R. Napier and Sons, Glasgow, was launched 
on the 14th of November. She is 322 feet long, 38 feet beam, 
and 26 feet deep, and in addition to large cargo capacity has 
accommodations for 60 passengers, there being 30 double state 
rooms amidships above the main deck. She has the usual poop 
and top gallant forecastle, the former serving as the quarters for 
the crew. 

Her engine is of the triple expansion type, with cylinders 24, 
40 and 68 inches diameter and 48 inches stroke, working with a 
boiler pressure of 200 pounds, and designed for 2,000 I.H.P. 
There are two single ended boilers working under forced draft 
on Howden’s system. Her speed is expected to be 14 knots. 

Tantallon Castle—A steamer built by the Fairfield Shipbuild- 
ing and Engineering Company for the Castle line of steamers to 
South Africa, is of interest from the fact that she has the largest 
quadruple expansion engine in any vessel now in service. Her 
dimensions are: 

13 


§ 
‘ { 
a 
— 
a 
i 
| 
{ 
{ 
{ 


MERCHANT STEAMERS. 


194 


Gross register, tons...... 


She is a three-masted vessel with square sail on the foremast, 
has a double bottom, and ten water-tight bulkheads extending 
up to the spar deck. She has accommodation for 145 first-class 
and 100 second-class passengers, as well as for a number of third- 
class. 

Her engine is of 7,500 I.H.P., and was designed to work with 
a boiler pressure of 200 pounds per square inch. The cylinders 
are 333, 49, 67 and 98 inches in diameter by 66 inches stroke, 
and are arranged with the high pressure cylinder at the forward 
end, next the first intermediate, then the low pressure, and the 
second intermediate at the after end. The high pressure and 
first intermediate pressure cylinders are each fitted with a piston 
Valve, and the second intermediate and low pressure cylinders 
are each fitted with a double ported slide valve, all being worked 
by the usual double eccentrics and link motion valve gear. 

The crankshaft is in four pieces, each piece being built, and, 
together with the thrust, tunnel and propeller shafts, are forged 
of mild ingot steel. The crankshaft is 20} inches in diameter, 
the thrust shaft 20} inches in diameter, and the propeller shaft 
21 inches. There are 11 thrust rings, of the ordinary horseshoe 
type. The screw propeller has four blades of manganese bronze, 
with a boss of cast steel. The diameter is 20 feet. 

The water is circulated through the condenser by two large 
centrifugal pumps driven by independent triple expansion engines 
of the single acting direct acting type, with enclosed crank, each 
pump being capable of supplying sufficient water when the main 
engines are working at full power. The air pumps are worked 
by levers from the crosshead of the high and low engines. A 
feed water heater, with the necessary feed pumps and connections, 
is fitted alongside the main engines. There are also two evapo- 
rators, with the necessary pumps, working in combination with 
two distillers for supplying fresh water to the ship, and also for 
the boilers. An auxiliary condenser, with a separate air and 
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circulating pump, is also fitted and connected to all the auxiliary 
exhaust pipes in the ship. 

The vessel is fitted throughout with a cellular double bottom, 
which is arranged to be used for water ballast. 

The boilers are five in number, viz., three double ended, the 
length of which is 19 feet 2 inches, and diameter 15 feet 2 inches; 
and two single ended, the length of which is Io feet, and the 
diameter 16 feet. Each of the double ended boilers has six fur- 
naces, and each of the single ended boilers has four furnaces, 
making a total of twenty-six furnaces, all having Purves’ flues. 
Two large fans are fitted in the funnel casing to insure an abun- 
dant supply of air to the stokeholds. These fans are 6 feet in 
diameter, and are driven up to 200 revolutions per minute. The 
stokehold is open, and these fans are only for use in the tropics, 
or when necessary for ventilation. 

She has a complete refrigerating plant of the ammonia type on 
the De la Verne principle. The machine is placed in the engine 
room, and consists of two vertical 6 by 10 inch double acting 
ammonia compressors which may be worked together or sepa- 
rately. They are driven direct by one vertical simple steam 
cylinder placed between the compressors. The machine occu- 
pies a space of 6 feet by 4 feet 6 inches by 7 feet 6 inches high, 
and the ammonia condensers are placed’ above the machine. 
These condensers, two in number, can be worked together or 
separately, as required, and are so constructed that the outer 
shell can be taken apart at any time for the inspection or clean- 
ing of the coils. The meat room is of about 1,600 cubic feet 
space, the vegetable and wine room 800, and the fruit room 
3,200, besides which the usual ice making tank is provided. 

Three large Siemens dynamos, each driven by triple expansion 
engines of the direct single-acting inclosed type supply the ne- 
cessary lights throughout the ship. 

The lighting installation is for 596 incandescent lamps. The 
dynamos (three in number) are of Siemens H. B. type. Each 
machine has an output of 135 amperes and 105 volts at 250 rev- 
olutions per minute. The switchboard is of enameled slate, and 
is fitted with ammeters, voltmeters, fuses and switching apparatus 
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for controlling the seven distributing circuits. The wiring 
throughout the ship has been carried out upon the single wire 
system, and in connection with Siemens patent distributing boxes, 
which permits of all joints being dispensed with. Each of these 
distributing boxes controls a section of not more than Io lights, 
and is so arranged that the police lights are independent of the 
switching arrangements. These boxes are fitted with fuses, one 
for each lamp, placed under glass plates, and a cut-out which has 
fused is easily detected when the box is opened. The wires are 
insulated with vulcanized rubber, taped and braided, and are run 
throughout the ship partly in pine and partly in teak casing, 
with the exception of the engine room and exposed positions, 
where they are run in iron pipes. In addition to the electric 
light installation, eight electrically driven ventilating fans have 
been fitted, and two Siemens electric motors. The cargo lights 
consist of eight reflectors, each fitted with six incandescent lamps. 

Alsace and Lorraine-—Two new steamers said to be in con- 
templation by the Compagnie Generale Transatlantique for their 
New York-Havre route. They will be 558 feet long, 59 feet 
beam, and, at 26 feet draught, will have a displacement of 13,600 
tons. They will be twin screw steamers of great power, and 
their sea speed will be equal to that of the first class steamers 
now on the Atlantic. Their cost will be between three and a 
half and four million dollars. : 


YACHTS. 


Giralda—tThis is a magnificent twin screw yacht recently 
built by the Fairfield Shipbuilding and Engineering Company, 
Glasgow, for Mr. Hugh McCalmont, in which some of the features 
of a cruiser have been combined with those of a yacht. Her 
engines, which were illustrated in “Engineering,” have a strik- 
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ing resemblance to many of the recent high speed cruiser engines. 
Her rig is that of a fore-and-aft schooner with three pole masts, 
with one yard on the foremast. She has one smoke pipe. 

The following are the principal dimensions and data: 


The deck erections consist of a topgallant forecastle, large 
midship house 160 feet long, and a small wheel house aft. In 
the midship house are situated the public rooms—the drawing 
and dining rooms at the after, and the smoking room at the fore 
end—all communicating with each other by an inclosed passage 
running along the starboard side of the casings. The deck in 
these apartments and the corridor is entirely covered with oak 
parquetry, and the rooms are framed and panelled in solid hard 
wood, satinwood, oak, etc., varied in each apartment with furni- 
ture and upholstery to harmonize. The sleeping accommodation 
is all arranged on the lower deck, the height between decks 
being g feet 6 inches. Forward of the boiler space are four large 
cabins entering from the vestibule abaft the smoking room on 
the main deck, and abaft of engine space are the owner’s cabin 
and another large stateroom. All these cabins are substantially 
framed in mahogany, with light silk in the panels. The framing 
has been enamelled white throughout, thus giving the occupants 
all the advantage of the light which is here admitted by large 
side lights, with stained glass lanterns on the inside, and also 
from skylights on the deck. Neat fireplaces, with white metal 
grates, have been fitted up in all the public rooms and in the 
principal staterooms, the other apartments being comfortably 
heated by means of steam apparatus. Two upright grand pianos 
have been supplied, one being placed in the drawing room and 
the other in the owner’s stateroom, on the cabin sole, each with 
case made to harmonize with the surrounding framing. All the 
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apartments are furnished and upholstered in elegant style, with 
brass or hard wood bedsteads, wardrobes, chests of drawers, 
writing tables, chairs, couches, etc.; the floors covered with 
Axminster or Turkey carpets and rugs, silk curtains to windows 
and beds, and, in fact, everything which can be expected to 
assure the perfect enjoyment of a cruise. 

There is a complete system of water-tight compartments cut- 
ting off the engines from the boilers, and dividing one set of 
boilers from another. Only in some bulkheads have doors been 
provided, and these can be closed from the main deck. The 
coal bunkers completely surround the boiler rooms, and the side, 
bunkers are carried inwards over the top of the boilers to the 
height of the upper deck, and along the whole length of the 
engine space. The side plating is }3 inch and }4 inch thick, 
and the bottom plating is mostly $ inch thick. The frames are 
formed of heavy channel bars, spaced 2 feet apart, and the floors 
to every frame are 3 inch thick. The bulkheads forming the 
water-tight compartments and the coal bunkers are all $6 inch 
in thickness. The vessel is built of steel throughout. Two 
Gardner guns and four Hotchkiss guns, with two electric search 
lights of Admiralty pattern are carried. 

The propelling machinery consists of two sets of triple expan- 
sion engines in the same compartment, each with four cylinders 
working on four cranks. Piston valves are fitted for the high 
pressure, and slide valves for the low pressure cylinders, and all 
are worked by the ordinary Stephenson link motion. The cyl- 
inder covers and pistons are of cast steel, and the shafting of 
fluid compressed steel. The crank shaft for each engine is in 
two sections, each with two double throw cranks, the cranks of 
each section being opposite each other and at right angles to 
those of the other section. 

The condensers are cylindrical, and are made of sheet brass, 
and the circulating pumps of the centrifugal type. The air 
pumps are worked from the main engines, and are the only 
pumps so worked, the main and auxiliary feed pumps and the 
fire and bilge pumps being independent. 

There are three double and two single ended boilers placed 
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in two watertight compartments, and arranged to work with 
moderate forced draft on the closed fire room system. See’s 
ash ejectors are fitted. 


L.P. cylinder (2 for each engine), inches. sconce 


length, double ended, feet and 


From an examination of the above data, the I.H.P. said to 
have been obtained on the trial, 8,500, looks rather large. It is 
equivalent to 533 I.H.P. per furnace, which is unusual, even in 
naval vessels with boilers‘of corresponding size. 

La Belle Sauvage.—The trial of this yacht took place in the 
Firth of Forth on the 27th of December, when a speed of 11.86 
knots was made with 660 I.H.P. 


ANNUAL MEETING. 


The annual meeting for the election of officers and for the 
transaction of other business was held in the office of the En- 
gineer-in-Chief, Navy Department, on the evening of December 
22, 1894, Chief Engineer George W. Baird, U.S. N., in the chair. 
The election of officers for 1895 resulted as follows: 
President: Chief Engineer James H. Perry, U.S. Navy. 
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Secretary-Treasurer: Passed Assistant Engineer R. S. Griffin, 
U.S. Navy. 

Members of Council, in addition to the President and the Sec- 
tary-Treasurer: Passed Assistant Engineer F. H. Bailey, U. S. 
Navy; Naval Constructor D. W. Taylor, U. S. Navy; Passed 
Assistant Engineer B. C. Bryan, U. S. Navy. 

The report of the Secretary-Treasurer for the year ending De- 
cember 22, 1894, was read and a committee appointed to audit 
the accounts, which has since been done and approved. The 
report follows : 


WASHINGTON, D. C., December 22, 1894. 
To the American Society of Naval Engineers. 
Gentlemen: In accordance with the requirements of Section 14 of the By-Laws, 
I have the honor to submit the following report of the financial condition of the 
Society for the year ending to-day: 


RECEIPTS : 
Balance on hand December 22, 1893.20.22. see see see $1,590.08 
Subscriptions, reprints and sale of JOURNAL... 782.80 


EXPENDITURES : 

Stationery, postage and incidental cesses ove 120.44 

Leaving a balance on hand Of. $1,633.35 


All of which is respectfully submitted. 


R. S. GRIFFIN, 


Secrelary- Treasurer. 


OBITUARY. 


OBITUARY. 


CHARLES W. COPELAND. 


In the death of Mr. Charles W. Copeland, which occurred in 
Brooklyn, on February 5th, the Society loses one of the oldest 
and most distinguished of its honorary members. 

Mr. Copeland was born at Coventry, Connecticut, in 1815, 
and came by his engineering talents by inheritance, his father, 
Daniel Copeland, being the proprietor of a large engine and boat 
building business at Hartford, in which establishment, supple- 
mented by a course of study at Columbia College, young Cope- 
land received his professional education. While serving in his 
father’s works he designed and built a number of steamers for 
use on the Connecticut river, and thus gained early in life the 
experience in marine engineering, then a new calling, that made 
him an ornament to the profession during a long, eventful, and 
exceedingly useful career. 

When only twenty-one years of age he was selected for the 
responsible position of superintendent of the West Point Foun- 
dry Association, and was immediately employed on the design 
and construction of machinery for the naval steamer Fu/ton, for 
which the West Point company had a contract, he being assisted 
in this work by the engineer of the Fudton, Mr. Charles H. Has- 
well, who then enjoyed the distinction of being the first and only 
engineer in the naval service. While superintendent of the West 
Point Foundry Mr. Copeland also built the machinery for a num- 
ber of Hudson river steamers famous in the early days of steam 
navigation on that river. 

In 1839 Congress authorized the building of three sea steamers, 
and as there was then no established corps of engineers in the 
Navy to design and construct the required machinery, the Navy 
Department appointed Mr. Copeland to superintend this work 
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with the title of Principal Engineer, a position which he held for 
about fourteen years, although his status was that of a civilian 
adviser, and not that of a regular member of the naval establish - 
ment. Two of these steamers were the J/ssissippi and the Ms- 
souri, the finest examples of war steamers of their day. Later, 
as a steam navy slowly came into existence, Mr. Copeland 
designed machinery for the famous Susquehanna, the Saranac, 
and the Michigan, being assisted in his work on the latter by Mr. 
Haswell. 

After leaving the employment of the Navy Department, Mr. 
Copeland became superintendent of the Allaire Works, of New 
York, and there built machinery for many famous ocean steam- 
ers for the Collins and other lines; he also designed and built 
there the revenue cutter Harriet Lane, destined for a remarkably 
active career and a most tragic ending. Mr. Copeland was the 
first supervising inspector of steam vessels for the district of 
New York, and for many years was a director and consulting 
engineer of the Norwich and New York Transportation Com- 
pany, in which latter capacity he designed the great steamers 
City of New York, City of Boston, and City of Worcester of that 
line. 

Mr. Copeland’s experience and knowledge of naval matters 
were frequently made use of by the Navy Department after he 


had left the employ of the Government, and he was frequently 


retained as an expert in important technical matters; notable in- 
stances of employment of this kind may be cited in the famous 
board appointed in 1863 to survey the monitor Passaic after she 
had been pounded by the guns of Fort Sumter and Rear Admiral 
DuPont had reported the ironclads unable to withstand such fire, 
of which board Mr. Copeland was the senior civilian member. 
He also served on the equally famous board of 1865 which 
established the method of conducting the competitive trials of the 
Algonquin and Winooski in the notorious Isherwood-Dickerson 
steam expansion controversy. 
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Bureau Steam Engineering, Navy Department, Washington, D. C. 


Baker, C. H., Chief Engineer, U.S. N 1739 1gth street, Washington, D. C. 
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Barnard, G. A., Mechanical Engineer. 115 Lincoln Ave., Salem, Ohio. 
Barrett, Thos. H., late Assistant Engineer, U. S. N...Room 156, Postoffice Building, New York. 
Barry, J. J., Passed Assistant Engineer, U. S. N 106 McDonough street, Brooklyn, N. Y. 
Bartlett, F. W., Passed Assistant Engineer, U.S. N Naval Academy, Annapolis, Md. 
Barton, J. K., Chief Engineer, U. S. N 4708 Springfield avenue, W. Philadelphia, Pa. 
Bates, A. B., Chief Engineer, U. S. N. U.S. S. Bennington. 
Baughman, H. C., Assistant Engineer, U.S, N.. ..2000 N. 12th street, Philadelphia, Pa. 
Baxter, W. J., Naval Constructor,.U. S. N... -Navy Yard, Norfolk, Va. 
Bayley, W. B., Chief Engineer, U. S. N... «U.S. S. Alert. 
Beach, E. L., Assistant Engineer, U. S. N U.S. S. New York. 
Bennett, F. M., Passed Assistant Engineer, U. S. N., 
Bureau Steam Engineering, Navy Department, Washington, D. C. 
Bevington, Martin, Passed Assistant Engineer, U.S. N.......... ieaiadeieneintiel esses. S. S. Columbia. 
Bieg, F. C., Passed Assistant Engineer, U.S. N... Care Navy Department. 
Borthwick, J. L. D., Chief Engineer, U.S. S. S. Michigan, Erie, Pa. 
Bowers, F. C., Passed Assistant Engineer, U. S. N., ES 
Assistant Superintendent State, War and Navy Department Building, Washington, D. C. 
Boyd, Jas. T., General Manager Manufacturing Department, 
The Geo. F. Blake Manufacturing Co., East Cambridge, Mass.” 
Bray, Chas. D., Professor Civil and Mechanical Engineering, Tufts College, College Hill, Mass. 
Brecht, T. C... _ --Bureau Steam Engineering, Navy Department, Washington, D. C. 
Brooks, W. B., “Chief Seekans. U.S.N 437 West 6th street, Erie, Pa. 
Bryan, B. C., Passed Assistant Engineer, U.S. N., 
Bureau of Steam Engineering, Navy Department, Washington, D. C. 
Buehler, W. G., Chief Engineer, U.S. N.. iidienes Navy Yard, Portsmouth, N. H. 
Burd, G. W., Passed Assistant Engineer, U. Ss. N.. U.S. S. Cincinnati. 
Burgdorff, T. F., Passed Assistant Engineer, U.S. N . Thetis. 
Burke, W. S., Assistant Engineer, U. S. N. Care Navy ‘Senetene. 
Bush, W. W., Assistant Engineer, U.S. N.. U.S. S. Cushing. 


Canaga, A. B, Passed Assistant Eng'neer, U.S. N........ S. S. Chicago. 
Capps, W. L., Naval Constructor, U.S. N., 
Bureau Construction and Repair, Navy Department, Washington, D. C. 
Carney, R. E, Assistant Engineer, U. S. N... U.S. S. Olympia. 
Carr, C. A., Passed Assistant Engineer, U.S. N.. U.S.S. Marblehead. 
Carter, T. F., Passed Assistant Engineer, U. S. N. ..Cramp’s Shipyard, Philadelphia, Pa. 
Cathcart, W. L., Mechanical Engineer. Hoyt, Montgomery Co., Pa. 
Chambers, W. H., Passed Assistant Engineer, U.S. N Iowa Iron Works, Dubuque, Iowa. 
Cleaver, H. T., Passed Assistant Engineer, U. S. N Reading, Pa. 
Cline, H. H., Chief Engineer, U.S. N.. ebeaiebaibed .--634 Greene Ave., Brooklyn, N. Y. 
Collins, Jno. W., Engineer-in-Chief ‘Cutter Service, 
Treasury Department, Washington, D. C. 
Conant, F. H., Passed Assistant Engineer, U. S. N. U.S. S. Philadelphia. 
Cooley, Mortimer E., Professor Mechanical Engineering, 
University of Michigan, Ann Arbor, Mich. 
Cooper, I. T., Naval Cadet, U.S. N U.S. S. Raleigh. 
Cowie, George, Chief Engineer, U.S. N...............Experimental Board, Navy Yard, New York. 
Cowles, Wm., Engineer Corn Exchange Bank Building, New York. 
Crawford, Robt., Passed Assistant Engineer, U.S. N., 
Superintendent Williamson School, Williamson School Postoffice, Delaware Co., Pa. 
Creighton, W. H. P., Assistant Engineer, U.S. N. (retired), 249 Camp street, New Orleans, La. 
Cunningham, Thomas Scott, late First Assistant Engineer, U.S. N., 
196 La Salle street, Chicago, III. 


Danforth, Geo. W., Assistant Engineer, U. S. N U.S. S. New York. 
Day, W. B., Passed Assistant Engineer, U.S. U.S. S. Baltimore. 
Denig, R. G., Chief Engineer, U. S. N U.S. S. Petrel. 
Dixon, A. F., Chief Engineer, U. S. N... U.S.S. Machias. 
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Doran, James S., Superintending Engineer International Navigation Co., 
305 Walnut street, Philadelphia, Pa. 
Dowst, F. B., General Superintendent B. F, Sturtevant Co............Jamaica Plain, Boston, Mass. 
Dripps, W. A., Consulting Engineer...............00eeee s+eeeeeeee3324 Walnut street, Philadelphia, Pa. 
Dungan, W. W., Chief Engineer, U. S. N...... Navy Yard, Norfolk, Va. 
Durand, W. F., Profesor Marine and Naval Architecture, 
Cornell University, Ithaca, N. Y. 
Dunning, Wm. B., Passed Assistant Engineer, U. S. N....... snenaenetienimensiisiinannd U.S. S. Olympia, 
Dyson, Charles W , Assistant Engineer, U. S. N.........++- issi 


Eaton, Wm. C., Passed Assistant Engineer, U.S. Nu........:cccccecseeeeeeeeeee Navy Yard, New York. 
Eckart, W. R., Consulting Engineer........cs00..sssss00 -217 Sansome street, San Francisco, Cal. 
Edson, Jarvis B., Mechanical Engineer.............0.ssssssseseseeesesees sevens 87 Liberty street, New York. 
Edwards, Jno. R., Passed Assistant Engineer, U.S. N......... 46 Vernon street, Pawtucket, R. 1. 
Eidridge, F. H., Passed Assistant Engineer, U. S. N.......-..+++- Naval Academy, Annapolis, Md. 
Emanuel, J. M., Passed Assistant Engineer, U. S. N....1810 North 12th street, Philadelphia, Pa. 
Emery, Chas. E., Ph.D., Consulting Engineer...........00+ — 915 Bennett Building, New York. 


Engard, A. C., Chief Engineer, U. S. N.........0..0.--+++++e-2131 North roth street, Philadelphia, Pa. 


Farmer, Edward, Chief Engineer, U.S. N..,........ccccccorcecsoscccccscoccesee Navy Yard, Boston, Mass. 
Ferguson, Geo. R., Mechanical Engineer, 179 Washington street, Brooklyn, N. Y. ; 

Residence, 26 South Grove street, East Orange, N. J. 
Fisher, Clark, Civil and Mechanical Engineer.. ae «Trenton, N. J. 
avenue, Washington, D. C. 


Fitch, H. W., Chief Engineer, U.S. N........ 
Ford, Jno. D., Chief Engineer, U.S. N........cc0000 «Maryland Mechanical and Agricultural College. 
Freeman, E. R., Passed Assistant Engineer, U.S. N........... Steel Inspection Board, Navy Dept. 


Gage, Howard, Passed Assistant Engineer, U. S. U.S. S. Ranger. 
Galt, Robert W., Chief Engineer, U. S. N........... U.S.S. Yantie. 
Gow, J. L., Passed Assistant Engineer, U. S. U.S. S. Raleigh. 
Greene, A. S., Chief Engineer, U.S. N dene Selene County, N. Y. 


Griffin, R.S., Passed Assistant Engineer, U.S. N., 
Bureau Steam Engineering, Navy Department, Washington, D. C. 

Gsantner, O. C., First Assistant Examiner, U. S. Patent Office ; 

Residence, 1708 New Jersey avenue, Washington, D. C. 


Habighurst, C. J., Chief Engineer, N...... 


Hall, H., Passed Assistant Engineer, U. S. N........ . Coma s Shipyard, Philadelphia, Pa. 
Hall, R. T., Passed Assistant Engineer, U.S. N..........s00000 adepasissistleaiansiaud Navy Yard, New York. 
Halstead, A. S., Assistant Engineer, Winslow, N. J. 
Hannum, J. L., Chief Engineer, U.S. N..... .U. S. R. S. Vermont, Navy Yard, New York, 


Harris, Wm. H., Chief Engineer, U.S. N..... 
Hartrath, Armin, Assistant Engineer, U.S. N... U.S. S. Baltimore. 
Hasbrouck, R. D., Assistant Engineer, U. S. N.........««.149 Boulevarde du Montparnasse, Paris. 
Hasson, W. F. C., Consulting Mechanical and Electrical Engineer, 
310 Pine street, San Francisco, Cal. 
Hayes, Charles H., Assistant Engineer, U.S. N......sscccesesererceseesseesessenensenees U.S. S. New York. 
Heaton, W. W., Chief Engineer, U. S. Naval Hospital, New York. 
Henderson, Ale der, Chief Engineer, U. S. N. (retired), 
Treasurer Manhattan Rubber Manufacturing Co., 64 Cortlandt street, New York. 


Herbert, W. C., Assistant Engineer, U.S. Coast Survey Str, Hassler, 
Herwig, H., Passed Assistant Engineer, U. S. N. S. S. Fern, 
Hibbs, F. W., Assistant Naval Constructor, U.S. N Navy Yard, New York. 
Hichborn, Philip, Chief Constructor, U.S. N........ Navy Department. 


Higgins, R. B., Passed Assistant Engineer, U. S. N Navy Yard, Norfolk, Va. 
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Hine, Robert B., Chief Engineer, U. S. N. 1825 19th street, Washington, D. C. 
Hogan, Thomas J., Mechanical Engineer Box 950, Pittsburgh, Pa. 
Hollis, Ira N., Professor of Engineering, Harvard University Cambridge, Mass. 
Holmes, U. T., Assistant Engineer, U. S. N seieiideantaiiavinte «U.S. S. Charleston. 
Howell, C. P., Chief Engineer, U.S. N 2 Navy Yard, New York. 
Hunt, A. M., Consulting 310 Pine street, San Francisco, Cal. 


Inch, Richard, Chief Engineer, U.S. N..........sececeeseereeee-203 A street, S. E., Washington, D. C. 
Inch, Philip, Chief Engineer, U. S. N.........000« waecsansentsneceseesessbes Navy Yard, Washington, D. C. 


Johnson, George R., Chief Engineer, U.S. N.......1233 N. Hampshire Ave., Washington, D. C. 
Jones, David P., Chief Engineer, The Rookery, Chicago, II. 
Jones, Horace W., Assistant Engineer, U. S. N.........ss:sssee0es Naval Academy, Annapolis, Md. 
Jones, Owen 68 Great Russell street, London, W. C., England. 


Kaemmerling, Gustav, Passed Assistant Engineer, U.S. N.. 
Bureau Steam Engineering, Navy Department. 
Kafer, John C., Passed Assistant Engineer, U.S. N., 
Secretary and Superintendent of the Morgan Iron Works, New York City. 
Kearney, George H., Chief Engineer, U.S. N U.S. S. Marblehead. 
Keilholtz, Pierre O., Electrical Engineer................Holliday and Center streets, Baltimore, Md. 
King, C. A. E., Passed Assistant Engineer, U. S. N U.S. S. Newark. 
King, W. R., Passed Assistant Engineer, U.S. N., 
Commandant of Cadets Cheltenham Military Academy, Ogontz, Pa. 
Kinkaid, T. W., Passed Assistant Engineer, U. S. N., 
The Pennsylvania State College, State College, Centre Co , Pa. 
Kirby, Absalom, Chief Engineer, U.S. N........ nsianidiaiameibiid U.S.S. Texas, Navy Yard, Norfolk. 
Koester, O. W., Assistant Engineer, U. S. N Navy Yard, New York. 
Kutz, George F., Chief Engineer, U.S. N Navy Yard, Mare Island, Cal. 


Laws, E., Chief Engineer, U.S. see S. R. S. Franklin, Norfolk, Va. 
Laws, G. W., Assistant Engineer U.S. N....... U.S. S. Raleigh. 
Leavitt, E. D., Mechanical Engineer 2 Central Square, Cambridgeport, Mass. 
Leitch, R. R., Chief Engineer, U.S. N.............ccccesccecees 51 South Oxford street, Brooklyn N. Y. 
Leonard, J. C., Passed Assistant Engineer, U.S. N U.S. S. Charleston. 
Leonard, S. H., Passed Assistant Engineer, U. S. N U.S. S. Charleston. 
Leopold, H. G., Passed Assistant Engineer, U.S. N Coast Survey Steamer Patterson. 
Linnard, Joseph H., Naval Constructor, N.... Yard, Philadelphia, Pa. 
Little, W.N., Passed Assistant Engineer, U.S. «U.S. S. Philadelphia. 
Loyd, John “558 ‘Water street, New York. 
Lowe, John, Chief Engineer, U.S. N.............se0e+++++++-235 First street, S. E., Washington, D. C. 


McAllister, Andrew, Assistant Engineer, U. S. N Coast Survey Steamer Bache. 
McAlpine, Kenneth, Passed Assistant Engineer, U.S. N...............Coast Survey Steamer Blake. 
McCartney, D. P., Chief Engineer, U.S. street, N. W., Washington, D. C. 
McCutcheon, J. F 2206 N. 15th street, Philadelphia, Pa. 
McElmell, Jackson, Chief Engineer, U. S..B., 
President Sead of Examiners, P. O. Building, Philadelphia, Pa. 
McElmell, Thomas A., Manager Philadelphia Branch N. Y. Lubricating Oil Co , 
1931 seit Garden street, Philadelphia, Pa. 
McElroy, G. W., Passed Assistant Engineer, U.S. N... ecccececccoresecoseceselJ. S. S. Baltimore, 
McFarland, W. M., Passed Assistant Engineer, U. S. N.. U.S. S. San Francisco. 
McKean, Fred G, Chief Engineer, U. S. N. (retired)..1323 11th street N. W., Washington, D. C. 
McKean, J.S., Assistant Engineer, U. S. N U.S. S. Minneapolis, 
McNary, I. R., Chief Engineer, U.S. N 125 East 6th street, Erie, Pa. 
Maeccarty, G. BM, Chief Bagineer, U.S. «U.S. S. San Francisco. 
Macomb, D. B., Chief Engineer, U, S. N. (retired), 28 Arlington street, North Cambridge, Mass. 
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Magee, E. A., Chief Engineer, U.S. N U.S. S. Monterey. 
Magee, Geo. W., Chief Engineer, U. S. N. (retired)...,...+..187 Marcy avenue, Brooklyn, N. Y. 
Main, Herschel, Chief Engineer, U. S. N., 
Newport News S. B. and D. D. Co., Newport News, Va. 
Manning, Chas. H., Passed Assistant Engineer, U. S. N. (retired), 
Amoskeag Manufacturing Co., Manchester, N. H. 


Mathews, C. H., Passed Assistant Engineer, U. S. N U.S. S. Detroit. 
Mattice, A. M., Mechanical Engineer, with E. D. Leavitt, 2 Central Square, Cambridgeport, Mass. 
Mickley, J. P., Chief Engineer, U.S, N........seseeeee ovccee: Navy Yard, League Island, Pa. 


Milligan, R. W., Chief Engineer, U.S. N..... Annapolis, Md. 
Moody, Roscoe C., Naval Cadet, U. S. Wew York. 
Moore, Jno. W., Chief Engineer, U. S. N.. asevcsesscess Plattsburgh, N. Y. 


Moore, Wm. S., Chief Engineer, U. S. N., Board of Senndens, ‘Donsliien ye Phila., Pa. 
Morgan, Leo, Mechanical Engineer...... 


Morley, A. W., Chief Engineer, U. S. N., Inspector Machinery U.S. S. Maine, 


Quintard Iron Works, New York. 


Nauman, Wm. H., Chief Engincer, U.S. U.S. S. Alliance. 


Nones, Henry B., Chief Engineer, U.S. N........ssessssseeees 1107 Franklin street, Wilmington, Del. 
Norton, H. P., Passed Assistant Engineer, U. S. N........ Bureau Steam Engineering, Navy Dept. 
Nulton, Louis M., Assistant Engineer, U.S. U.S.S. Philadelphia. 


Ogden, J. S., Chief Engineer, U. S. N........... 
Offiey, C. N., Assistant Engineer, 


Parks, W. M.., Passed Assistant Engineer. U.S. N,...« 
Patton, J. B., Assistant Engineer, U.S. N....... 
Pemberton, John, Passed Assistant Engineer, U.S. N. (retired)., 
2029 Wallace street, Philadelphia, Pa. 
Perry, J. H., Chief Engineer, U.S. Ni......-000+ Bureau of Steam Engineering, Navy Department. 
Porter, John S., Assistant Engineer, U. S. N 149 Boulevarde du Monteparnasse, Paris. 
Potts, Stacy, Passed Assistant Engineer, U.S. N., 
Bureau Steam Engineering, Navy Department, Washington, D. C. 


Pickrell, J. M., Passed Assistant Engineer, U.S. S. Albatross. 
Powers, W. A., Superintendent Steam Boiler Inspection. .-.. Brooklyn, N. Y. 
Petes, C. U.S. S. San Francisco. 


Rae, Charles Whiteside, Chief Engineer, U. S. N..........ss0++.Naval Academy, Annapolis, Md. 


Ransom, G. B., Passed Assistant Engineer, U.S. N.uscccsecsseseeeeee Navy Yard, Porstmouth, N. H. 
Rearick, P. A., Chief Engineer, U.S. N Navy Yard, Hostel, Va. 
Redgrave, DeWitt C., Passed Assistant Engineer, U. S. N U.S.S. tg y. 
Reeves, I. S. K., Passed Assistant Engineer, U. S. N., 1758S street, N. W., Washington, D. C. 
Reid, R. I., Passed Assistant Engineer, U.S. Yard, New York. 


Rhoades, Henry E., Engineer Corps, U.S. N., 141 South 2d avenue, Mount Vernon, New York. 
Roberts, Edward E., President The Roberts Safety Water Tube Boiler Co., 
39 Cortlandt street, New York. 


Robie, Edward D., Chief Engineer, U.S. N.....+++se00:1331 21st street, N. W., Washington, D.C. 
Robison, John K., Assistant Engineer, U.S. N......... U.S. S. Olympia. 
Robinson, L. W., Chief Engineer, U.S. S. S. Newark, 
Roche, G. W., Chief Engineer, U.S. N......... S. S. Detroit, 
Reetker, C. R., Chief Ragineer, U.S. U.S. S. Raleigh. 
Rommell, C. E., Passed Assistant Engineer, U.S. N........Cramp’s Ship Yard, Philadelphia, Pa. 


Navy Yard, New York. 


Ross, Henry Schuyler, Chief Engineer, U. S. N 


3 
Moritz, Albert, Passed Assistant Engineer, U.S. S. S. Forktown. 
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Salisbury, G. R., Passed Assistant Engineer, U.S. N............ U.S. S. Enterprise, Boston, Mass. 
Sampson, B.C., Passed Assistant Engineer, U. S. N........++ 
Schell, F. J., Passed Assistant Engineer, U. S. N z U.S. S. New York. 
Scribner, E. H., Passed Assistant Engineer, U.S. S. Vesuvius. 
Selden, W. C., Superintending Engineer Clyde Line Steamers.....Pier 29 East River, New York. 
Shepard, George H.., Assistant Engineer, U. S. N. U.S. S. Columbia. 


Sims, Gardiner C., General Manager Armington & Sims Engine Co...............«.Providence, R. I. 
Sloane, John D., Assistant Engineer U. S. N. (retired), 
Supervising Inspector Steam Vessels, St. Paul, Minn. 


Smith, David, Chief Engineer, U.S. N...... U.S. S. Philadelphia. 
Smith, J. A. B., Chief Engineer, U.S. N U.S. S. Montg 
Smith, S. L., Superintendent Roxbury Carpet Co..............0000+ 37 Si street, Boston, Mass. 
Smith, W. S., Chief Engineer, U.S. N....... Examining Board, P. O. Building, Philadelphia, Pa. 
Smith, W. Strother, Passed Assistant Engineer, U. S. S. S. Wewark. 


Smith, W. Stuart, Assistant Engineer, U.S. N. (retired), 
2417 Washington street, San Francisco, Cal. 


Snow, Elliot, Assistant Naval Constructor, U.S. N........:cccseseeeees Navy Yard, Mare Island, Cal. 
Spangler, Henry W., Prof. Mechanical Engineering, University of Pennsylvania, Philadelphia. 
Stevenson, H. N., Chief Engineer, U.S. N.......... phinittennsnstiatitiies Training Station, Newport, R. I. 
Stickney, Herman O., Assistant Engineer, U.S. N.........0000008+ Naval Academy, Annapolis, Md. 
Strickland, Geo. D., Passed Assistant Engineer, U.S. Media, Pa. 
Tawresey, John G., Assistant Naval Constructor, U. S. N......Cramp’s Ship Yard, Philadelphia. 


Taylor, D. W-, Naval Constructor, U.S N., 
Bureau Construction and Repair, Navy Department. 


Taylor, R. D., Passed Assistant Engineer, U.S. N.......000 3212 Haverford avenue, Philadelphia. 
Theiss, Emil, Passed Assistant Engineer, U.S. N..... U.S. S. Monterey. 
Thomson, James W., Chief Engineer, U.S. N........ses000 ascaleboeniia 308 State street, Camden, N. J. 
Tobin, J. A., Engineer Corps, U. S. N. (retired)... ---19 Cliff street, New York City. 


Tower, George E., Chief Engineer, N....... Navy Yard, New York. 
Towne, N. P -Care Cramp & Sons, Philadelphia. 
Treach, M. B., Naval Cadet, U.S. U.S.S. Newark. 
Trilley, Joseph, Chief Engineer, U.S. U.S. S. Olympia. 
Van Buren, J. D., Civil Engineer NEWDurg, N. Y. 
Varney, W.H , Naval Constructor, U.S. N......sccccrsecsssses toor Harlem avenue, Baltimore, Md. 
Voorhees, P. R., Counsellor-at-Law..... 32 Nassau street, New York. 


Warburton, Edgar T., Passed Assistant Engineer, U. S. N., 
Cramp’s Ship Yard, Philadelphia, Pa. 
Warren, B. H., Assistant Engineer U. S. N. (retired), 
Manager Crane and Hoisting Machinery Department, Yale & Towne Mfg. Co., Stamford, Conn. 


Watt, R. M., Assistant Naval Constructor, U.S. N.. ........ Cramp’s Ship Yard, Philadelphia, Pa. 
Weaver, W. D., Electrical Engineer 7 West 26th street, New York City. 
Webster, H., Chief Engineer, U.S. N......... S. S. Yorktown, 
Wharton, B. B. H., Chief Engineer, U.S. N..............0000 69 Christopher street, Montclair, N. J. 
White, W. W., Passed Assistant Engineer, U.S. S. Minneapolis. 
Whitaker, Ezra J., Chief Engineer, U.S. N...........22+ 403 Washington avenue, Brooklyn, N. Y. 


Williamson, John D. (late Chief Engineer, U.S. N.), 
Williamson Bros. , Engineers, York and Richmond streets, Philadelphia. 
Williamson, Thom, Chief Engineer, U.S. N., 
Superintendent State, War and Navy Department Building, Washington, D. C. 


Willits, A. B., Passed Assistant Engineer, U. S. N U.S. S. Mi polis. 
Willits, Geo. S., Passed Assistant Engineer, U.S. N...American Steel Casting Co., Thurlow, Pa. 
Wilson, F. A., Chief Engineer, U.S. N.......sscecceeerseee ++«eUnion Iron Works, San Francisco, Cal. 
Windsor, W. A., Chief Engineer, U. S. N U.S. S. Mi li: 


Winchell, Ward P., Assistant Engineer, U. S. N Navy Yard, Norfolk, Va. 
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Wood, B. F., Chief Engineer, U.S. N. (retired)....s.s0.-sss-00 34 West 66th street, New York City. 
Wood, Jos. L., Assistant Engi U.S.N «+eeee+-Charlottesville, Va. 
Woodward, J. J., Naval Constructor, U.S. N., 

Newport News S. B. & D. D. Co., Newport News, Va. 
Worthington, W. F., Passed Assistant Engineer, U. S. N U.S. S. Castine. 


Zane, A. V., Passed Assistant Engineer, U.S. N U.S. S. Monocacy, 
Zeller, Theo., Chief Engineer, U. S. N., with relative rank of Commodore, 
15 West rath street, New York. 


ASSOCIATES. 


Aborn, George Pennell, Assistant Constructing Engineer, 
Knowles’ Steam Pump Works, Warren, Mass. 
Angstrom, Arendt, Superintending Engineer, Cleveland Shipbuilding Co......... Cleveland, Ohio. 
Almy, Darwin, President and Treasurer Almy Water Tube Boiler Co., 
47 Clifford street, Providence, R. I. 


Babcock, W. I., Manager Chicago Shipbuilding South Chicago, 
Bailey, Charles F., Chief Draughtsman, Machinery Department, 
Newport News Shipbuilding and Dry Dock Co., Newport News, Va. 


Bailey, W. H., Agent American Tube Works........100 cesses ceeoeseeeeseeeee 20 Gold street, New York. 
Barrows, H. C., First Assistant Engineer, U. S. R. C. S........ St Washington, New York. 
Bartlett, George B., Master Mechanic, Plate Mill, Illinois Steel Co.............. South Chicago, Ill, 
Beavor- Webb, J., Naval Architect and ++eeeeee45 Broadway, New York. 
Belcher, A. W., Superintendent Repair Shops, Cornell S boat Co. Rondout, N. Y. 
Biles, J. Harvard, Professor Naval Architecture, University of Glasgow .......Glasgow, Scotland. 
Bissell, G. W., Professor of Mechanical Engineering, Iowa Agricultural College...... Ames, Iowa, 
Biauvelt, Albert, 626 Rialto Building, Chicago, 
Bloedel, J. H., Secretary Blue Canyon Coal Mining Co. ........-.seseeseess++++++- New Whatcom, Wash. 


Blomberg, C. A., Marine Engineer, Wm. Cramp & Sons’ S. & E. B. Cov..esessese serene 
Bolten, A., Owner Zeise’s Patent Propeller for United States, 
850 Market street, San Franciso, Cal. 


Bonneville, A. A. de, Mechanical Engineer.......... iiudiiedbaaianienssted 95 Liberty street, New York. 
Calder, C. B., Superintendent Dry Dock Engine Works..........2.-ssseeeeeee epnaensedinies Detroit, Mich. 
Carnes, W. F., Mechanical Engineer, Care The Harlan and Hollingsworth Co., Wilmington, Del. 
Christopher, J. Carstairs.................. 1826 Bolton street, Baltimore, Md. 
Coleman, Edward P., Huber Printing Press Co...........:00scscee-sseeeeeeee snieeveenatniees Taunton, Mass. 
Coryell, Miers, Consulting Engincer....... ........ceceesseeee 117 Queen Victoria street, London. 
Cox, Irving, Naval Architect .............. 1 Broadway, New York. 
Cramp, Benjamin H., Brass Founder..............-.+++++s York and Thompson streets, Philadelphia. 
Cramp, Courtland D., Brass Founder... sseeeeeeYOrk and ‘Thompson streets, Philadelphia. 
Cramp, Edwin S., Engineer, ‘Wm. & Sons’ S. & E. B. Co., Philadelphia. 
Cramp, Walter S., & Sons.. = Philadelphia. 


Dallett, W. P., Sales Agent for the Deane Steam Pump Co.....49 North 7th street, Philadelphia. 
Davidson, Marshall T., Mechanical and Hydraulic Engineer, | 
43 to 53 Keap street, Brooklyn, N. Y. 
Davis, Leonard D., Davis-Farrar Co., Builders of Marine Engines, Boilers and Steam Yachts, 
Erie, Pa. 
DeRycke, Joseph, Mechanical 145 Broadway, New York. 
Dickinson, Randall T., Superintending Constructor, 
Delaware River Iron Shipbuilding and Engine Works, Chester, Pa. 
14 
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Dorry, J. E., Second Assistant Engineer, U.S. R. C. S. St Bear. 
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